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| NTERFERON Fi el d of the invention The present invention relates generally

t o nmet hodsoasnmreduci ng i nterferon proteins conprising onBCHEP#HZScyst ei ne
resi dués and two or nore pol ypeptide subunits, by chemical 5 synthesis. The
invention further relates to subunits constituting the interferon proteins
and to their use in the production of b*ologically active interferon.
Background of the Invention 10 Interferons _are_si e-chain proteins

rel eased by cells invadeNEgﬁopiFﬂgegR%PU%%W?a??ﬁ%éﬁﬁﬁoéubstances.
Interferons are presently grouped into three major classes, designated

| eukocyte interferon (interferon-al pha, al phainterferon, |IFNalpha,

«nol ecul ar Epeldhof | Gkdainwemtiont mat el y 15 165 ami no aci ds), fibrobl ast
interferon (interf.eron-bet bet a-.i.nt erf ar I t I ieght

| 9KDa, appr oxi matety H%%S?ﬁgild%% Fl%ﬂu¥€iﬁﬁ%%a4%%?%%&2?6%% fieth3hs"8le
(interferppogadihg QRPEBRfLNGEIF N nd dngaris ngTenec wramosei glysteikba,
approxi mately 190 residues). 20 The known | FN-al phas contain two disulfide
bonds, th&eviduesnendt BEO CORIBOFE dRl TRARR I SHBRE ESan Yl EREJAfiies have no

di sul f'%d%gngpsgfssﬂi $sHbTLdeehosls At e Sk O aiemidds the

si de-chain cysteine residues. For exanple, the am no acid sequence of
mat ur e r ecombkhantih§Nehe phatérfentaiprot2Siny sl e ridsiiguaseatinpddiet i ons

1, 29, 98 and 138. Intranol ecul di sul fide hon re formed between the
cyst ei ne Pé?gﬁﬁgéoatO%og??#Bﬁ%Caiﬁ%dﬂé Ve qﬁﬁiﬁﬂgﬁ]ihe cystei ne residues

at positions 29 and 138. Interferons have a variety of biol ogical

tivities, 30 including antiviral, imunoregulatory and antiproliferative
'[bpertie§éQ&ﬁaganérgﬁhghéiéﬁé$ﬁbig%reat i nterest as CONFI RVATI ON COPY
WCOS/QBU?G.l PCT&EEQ%%Q%Z&@ Zre single-chain proteins released by

cells invaded by viruses or certain other substances.

Interferons are presently grouped into three major classes,
designated leukocyte interferon (interferon-alpha, alpha-
interferon, IFN-alpha, molecular weight 139kDa, approximately

15 165 amino acids), fibroblast interferon (interferon-beta,
beta-interferon, IFN-beta, molecular weight 19KDa,
approximately 165 residues), and immune interferon
(interferon-gamma, gamma-interferon, IFN-gamma, molecular
weight 17kDa, approximately 140 residues).

“j 20 The known IFN-alphas contain two disulfide bonds, the

PN

IFN-betas contain one disulfide bond, and IFN-gammas have no
disulfides. These disulfide bonds are formed by oxidation of
the side~chains of cysteine residues. For example, the amino
acid sequence of mature recombinant IFN-alpha A contains
25 cysteine residues at positions 1, 29, 98 and 138.
Intramolecular disulfide bonds are formed between the
cysteine residues at positions 1 and 98, and between the
cysteine residues at positions 29 and 138.
Interferons have a variety of biological activities,
30 including antiviral, immunoregulatory and antiproliferative

properties, and are, therefore, of great interest as

CONFIRMATION COPY



t herapeutic agents in the control of cancer and various viral diseases,
notably Hepatitis C and Hepatitis B. Thus, there exists a need for nethods
that provide for an efficient production of interferons f?,r Hf%ﬁsl 42

t her apeutWe.03/87006% r ent commerci al nethods for the producti &% ihterteron
i nvol ve the synthesis of reconbinant proteins in bacterial or mammalian
cells. For exanple, interferon-al pha isy,produced by harvesting bacteria
containing a plasm d encoded with the gene for the interferon-al pha
protein, CI i i -5, 7, - , , i,
Chi ni a 40‘?11%’6%‘}%1’35%)%%% b e I rﬁiinJE;% o e fvea?“g%uﬁ i
t hen i nduéesedsesynidieshre Heperfetorsc diphdlermid Hits thhe Tappy.ofhieatee ti ne

the cells are |ysed and_the caontents of the cell_.collected .Th
interfer o?n}-{%ﬁ*bﬁaai%e%‘iieg%tm‘?ﬁ"‘l S réb?fcé&cfvo’r aff c%hteai%dlhcalte@% with many
ot her probebdisctiBhSofl UfCFELEMES F&r S erd ed dieegiditicons to oxidize

the cysteine residues to formthe two specific disulfide bonds essenti al

for bidl ogical acErvreyt qemsersi@lreediodmtiaR the REGIEFOPR RS- f ol ded
interfero 0 t : ; Sidigly siypj ect ed
to a seri g%@%?f%g(rg?f%lgg{jll‘g%n‘%lg%h%?lg%%%&f%%ﬁ%%?dpﬂulﬁﬁrﬁe?i nti erferon.

Nevert hel eastethel bact maimaat hah pedbisicelot hexagsie edinteeidmmoalpd ein are

littered with proteins of sim]ar sjzes and charge distributions, and these
cont ani na%_?n@r‘ég‘_l‘ﬁ?ﬂt Byngaﬁ’é?%L%ﬂ‘é Bﬁ????b%t‘?%‘ﬂt%}rbjc%%sa &?Jg%%@e and

sonet i MeseAPAssi Ri ent PhpeGERE NEYLt BRYL j Bt é Fes r ai-amstce ept @l i | assy of the
desired interferon protein or presence of contam nating proteins. Staehelin
et al 10 JdeBroibedhem US2567107687 976380091081, e ripei e Ha at i on, 8
of reconbi,pant, ~iLn on h : '-]@ﬂgi[t if] i.on of the
cell Iysaflgé %g?ng??mﬁoaifigi %1?{;%8%% u(rjrﬁgicl':%%orm ogt?%p yil'%/\#l%%!eér?he col um
resin i s geabmatli zedthWehhiadapedi tocsanthbsilye t atebiedsntakpha, and\D
03/0707G 1 3 PCT/ EP03/ 01745 int erferon-gi%)ha. )\ﬂﬂ l et he i{rglmnggfgénr%sty

col umm us@8 Fhet RBPEPREABEENCHBENERSSERLER i FEF v KPR P he TRt &7 1 6FdR: al pha,

the cost gk Eﬂgvge@if EB%HXCE@EU”@&Q'§nhégf\e§6ﬂ—&bphalsﬂé ubréséet ofnt he
a

Y

colum is limted. particularly difficult contam nant fromthe
'r econbbPnanedpreduéormnant cAnErménaiedl Phihi BaRKeotReEr PEPBREIPhal Btdduct

conpri sing_ancadded g8t hi.oniageal hineo\LEHAL BYSns Thh So£0al a1 ARat 1 s
di fficult 6 Femove duri Nng purrtication because It 1s so simlar to
i nterferonyaktphaci rek@dubar ye, fermethndtwer spacyfstrdtsut E1dgoboneds cone

this probl em Hochuli_ (1986) was only able to_yenove this contanm pant by
usi ng i MERSEPLLAM ;O%hpc}ﬁétf’géfzﬁghﬁ%ﬁﬁﬁlgﬁr egf‘éadf“ﬁ{ Haf Bgr ???%ggi on
steps. |n;additFeeBn,t he suse1akd ArwuReatbhnhhy €RkuBBRetOcptehyst be
reconbi nant interferon-al pha introduces 15 the risk of contam nation by

vi rus@® othey celddi Aesiareursgobirrn sthierEefli Ral 2pPEHLEE. °Fo avoid the
expense a %rﬁfyf%%@i%' eed nLARLCTD 3Beashabadiwikh |Avuoeatbani ty

chr omat ogfap it was foun ecessary In 10,027 and Ettlin et al., . -
(1999) toNeser2helalsts,- shep bputiefdieathets prodedeseshef dapidiflf erent met hod's..,)
in each case). It has al sqQ been re ni zed.in US- , D66 _t econbi nant

i nterfer oﬁp&%ﬁgrﬂnglﬁ{r%@lﬁnélrgbllé%%%Fﬁ gw%é:g'r g@fg_%éﬁgrg ?%s %ﬂg%?'[cone

conmponent <qf; dsheing faPYeatdiar - iButhBhs, (ahly ktesecdicanitamihetiagacet at e)
was found to prevent the formation of visible particulate matter in
sol ut 26ns pofotiedmer fravkenSheTpvg ifdrationaPrereest SFPERBTAS §0Fr esuned to

result from it f%a\é%r%%]srlqbq{e ttroa%%r%trﬁll Wi ¥HoRRS SYER agnCuzZ*, which is
used in meCA Chel at’e FChr oma ography to purity 30 interferon proteins
(Ettlin eturdlccept?®)e IHuss of tthes desdviedenntelrdie noenprotedine®® still exi st

'n the pr%ﬁ%g%gég1é¥ Jgéﬂgﬁﬁdﬁﬁfié'géﬁggi%%q from reconbi nant proteins.
Staehelin et al., J. Biol. Chem., 256, 9750-9754
30 (1981) described the preparation of recombinant interferon-
alpha from E. coli and the purification of the cell lysates
using immunocaffinity column chromatography where the column

resin is derivatized with a specific antibody that binds the



., WO 03/07076) PCT/ EP0O31017as 4 Various nmethods for the chem cal synthesis
of pol ypeptides are described in the art. The nbst comon nethod for the
prepar at ivom osié7opapt i des is by Solid Phase Peptide Synt heshGI/EBBBE4S In this
met hod't he peptide chain is built 5 by sequential addition of am no acids
to a macroscopic, insoluble support. Addition of each am no acid requires
two reactive steps, the deprotection of“the N-term nus of the resin-bound
pepti de and a%¥lation of t res§%tanx free ami no group by the nex

N- pr ot ect

L5 2E aPonauhs | il fnd Smpinoatg JAer COLORTY HEg dodgnthe

reagent s afdehypi@dust Bodtye Dect BFOME D I IhbY MRSHAYHLAE Al Y IRLI C
resin.

.been assefiBFEdOf hEpapPR HELRLL Y | @aVENS riemhtiisdh eesi thei tisedodc dhifeantt

r enoval OEhEh80§hH§'

Once the desired sequence of ‘side-chain protected am no aci ds has

ecting groups and 15 purified by

a
rever sed- phase HPLC %%Fé£$£%§abr ot her nmethods which are known in the art.
-Di fferént nethodsAoparapptylagly hisf tjendralcqndandinging @xenkreen. The two
nost conmpn _are.the Boc - t-buté%gxycarboqyl, Kent, 1988) and Fnoc
(9f | uor enyFPERYRAPBOhYPTOR SFHL iy U S rou® Phec e Giies 1nE6TA5Kea ~af t er
th_edgr oupalpRedpteapEot €6kpt Nei dd alPhayd® elkrBfodibe Grathicvated am no
aci ds.
nedi um | ehGERLIPEHt | Hess ¢ememinanie i sidif fiiveldx des ooy deageat s comonl y

e”D'Oyed’pﬁ§§f£h99i3§.ﬂég §eaf€ﬁ%$§§3tJfMEl%&ﬁ%c@@%t%&%’unreai%%%S%BeCies

accunul ate-on t

The above process is usually efficient for the synthesis of short to

eron-s
e resin. For exa to synthesi Ze & peptide

resi di@s ckgugeessind aedcterveistepstoictusey. Moghbvireldthe EWER probhem
efficiency of each was 99s then effectively none of the target peptide
%B‘E%F%ed.‘“?é.ggo‘”%%id?lﬁfbbrﬁq%elr?e %q oS dPage COPEFTIREER RWso

ol d. be

r énoves tﬂ@iﬁ@dmﬂ%ﬁfﬂi@i%t&%ﬁ%pﬁﬁw GRNEHAR SRRGIHESNMI ch can

nmodi fy the target peptide.

| I owi ng e cleavage of the pol ypeptide from

the resi nPPWFERLIEJREDR r 2hEPs enbv adddift tdre ditde v@faiof inmunOa@ZABi0FG 1 |,
PCT/ EP03/ i i tide.is initiall
oo a pod SuLEn B ChEEL POl SIS IR SRR SR R i Bites

e e etron o u

sequehteshe sohek 0bf whbrhatiznaet iy Si ochemesalompbgpentdies (size, charge,
hydrOphObiﬁhaxggggéfiglf%lgéetEEAJEupégdéégi

£
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To avoid the expense and aforementioned problems
associated with immunoaffinity chromatography it was founbd
necessary in US-5,710,027 and Ettlin et al., (1999) to use
multi-step purification procedures (four different methods in
each case).

It has also been recognized in US-5,935,566 that
recpmbinant interferon-alpha might be unstable during
storage. For instance, one component of their formulation,
EDTA (ethylene diamine tetra acetate) was found to prevent
the formation of visible particulate matter in solutions of
interferons. This beneficial effect of EDTA is presumed to
result from its scavenging of trace metal cations such as
Cu®, which is used in metal chelate chromatography to purify
interferon proteins (Ettlin et al., 1998). Thus, it is
evident that many problems still exist in the preparation of

highly pure interferon from recombinant proteins.



5 target peptide and fromwhich it can be very difficult to obtain the .
desired peptide in pure form Thus, as the pol ypepti de sequence becones

| onger, it tends to be |ncrea3|ngly difficult to both synthesize and purify
the desi r%@038#f{éhce to obtain it in practical quantitiesPCI{ERIGOLES
general |y accepted that the synthesis of polypeptides |onger than about 50
am no aci ds, though possible, is far frgm routine (see e.g. Kochendoerfer
and Kent, Curr. Opin. Chem Biol. 3, 665-671 (1999), Brik et al., J. Og.
Chem 65, . 3920383 2000)e TBgsecsnel L clianplen) MR Sl onvise synthesi s an
15 inpractical commercral app roac ]t n hf arge pr ot ei ns, :
such as i pbéypepoidps obet ndesd:m]oedeintm@\wtcorfﬂﬁ hese |dofirdos e thet

| engt h of' pep i des producij bl e SPPS, conpl.enentar technl ques have been
doval opad et thi BrERTEE bt oheo by BERHAT S L b bah i At Cadiasiiny whi oh

fragment ssohtBepi ot e5PPIRY S SNDENRsStEed usd NGesoldd d}f@?ﬁ? SyMdes s and
then conbined to formthe ;- full length protein. Thus, Dawson et al.

Sci encd, PBESeqyET7Hal| addithed b SNIBA, BT s rd B quRsanE of nati ve
PP P2l GthoBLhOne  SafRBPLACARUP: PEE LONSS A Al 6L PLAURLL O K 10T T 2
full length protern pol ypeptides are prep |n 'y range
of |engthseachtvedstgpdl, tBS, dé@rod8canch 14D e m)—mmdson:gi thee native

chemcal ligation reaction.is ¢ rrle out to ligate a first peptide, of
Whtch. therRETBFRPWAR Penfiie #Sdareyteti on OF retces WYy dARe SO et y,

with a segesdp fttﬁé‘ négt\Ahnclbréla@c@é@haccéimyé@l%t&ﬁsanaw Lanyerted

to a thioester. 1n aqueous solution around neutr al pH
pept i d8- Céﬁl:@hae@ﬁh oeteRr exans s eneagenbozed é@ypxﬁecﬂlycm tnhax e Nemwrvsichal

O 5o B0y Y PRLOIRT G PR PR B S pe e e L)

i nt er nol esaﬁaenceamfaﬂgéa‘eahaiﬂ fmoﬁmatmtamm@eq&tictke Hxondbeadn t he i gation

site, and to regenerate t he £¥ of the Cys side-chain. An 5
advant age®8P PRI &9 BRANPGRE § fﬁa? FEEDebt TS i ful | y

depr ot ect gdnasgdi tane ﬁéﬁo{?hﬂhbf §HéU9i§el<Eh$ﬂ? g)t&%?}p%

purify themand in the ligation step. Nevert hel ess, Kent (1995) onI y

teachlﬁhepurgﬁwérbﬁemwrﬁgdfbhma@r!d)EHF néR%rsHH’WbeOIasvt]hLEEr artdwdsci ds and

not 10 | pr ot e ugh n f g 165 am no
acid resiaﬁggéh é&% f(ﬂ(?m?l %rrll g na vebgﬁgéﬁ:%%?r}f'l ga(jt;]l on wargggﬁf]ﬁ}e r%equi r ement
for a Q/Sthﬁ_sttblené\k‘abrprﬂ]atlpiethEeOcmeWmn Nethe peyd i rokes f raginent .arko theer cone

this limtation and to allow 15 11 on ween _ ot her residues auxiliary
br oups. habecoebrbn el Pudentbanate Boat- (30E Toh phre (€50 Tow ot al

Proc. Nat kjudeadylSejcakiSbny 28, F_ﬁ_éi&s é@@%m&p@m &tcmi Qg Leett.
3: 1403 (2001) or g-am no t?‘ln ol s, Canne et al. &em Soc. 118,

5891 ZPogsymednapreerthe gé@@ﬁéraﬁédth@ POOFRET vEhe ebmﬁrélaatmqwézsf i%at i on
site the @Hélblgéylggggg §1’ﬁ§n§ gpi gLy allow ng cleavage of the auxiliary

fromthe peptide trong acid. Since the disclosure of the
t echni que of natlvleechhoveaprbcgasl b, ustahbp &ffhcimead foedquently to make )

25 t Th th t t |
2D POt BSrsRley BOLYPERSLACE PERRLEC DY LD S LERAIY UE AL DGR LY
Chem 272w1@149@1@e(é}?@g%seggbfnrgaégﬂtéeéd)ﬂzh@ﬁiy WMployddl, etedltioBl ochem

39, 3575 (2000) and
yields are less than 100% and the unreacted species

accumulate on the resin. For example, to synthesize a peptide
of 50 residues requires 100 reactive steps of very high
yield. Even if the efficiency of each step was 99% then
effectively none of the target peptide would be obtained. In
30 addition the final cleavage step which also removes the side-
chain protecting groups can generate species which can modify
the target peptide. Following the cleavage of the polypeptide

from the resin with concurrent removal of the side-chain



barnase (110 residues), US-6, 184,344). The | ongest 30 pol ypeptide that has
been denonstrated to have been prepared in high purity by native chem cal
| kgati on we obgtagy type |1 secretory phospholipase A2 (124pcesirisies)s

(Hackehg et al. Proc. Natl. Acad. Sci. USA, 94, 845 (1997)). ' WD
03/07076. 4 PCT/ EPO3/017:15 7 In order to produce even |onger proteins
sequential native chenical |igation hasSbeen devel oped (Hackeng et -al .,

Proc. Natl. Acad., Sci. USA, 96: 10068 (1999)). This technique uses the same
reacti on REORSFEVBICHERPEEI thegdesbred Rertifted 5 8t tiorld f rgmemes] ar e
sequent i akkhy+Ligatedqt gge Igg oUE |,Si oth a

C-al pha t-hi oester and gg hfl?%F%ggg? cgégeg%ue %@t&%%dnééap%g&%ecti ng
.group on skqushdesthasnmer of ahphla nédvée hehyiscdahepiswentpidie idpis de
reacting with itself to forma cyclic peptide or, with other 10 | ecul es of
the same géﬁghcgﬁflgg%rIWSFPEB?%?%%W% LY 15 e R ét&&ltnd’fg&g’{?p used
was the acatrgatdpapthyk ghauprofCHh{Meber ®in Ale veley AMrGhaML SQF. 94!
5456 (I 97239%§Qr t he met hyl sul fonyl ethyl oxycarbonyl (Tesser et al., Int. J.

Pepti de PPBtEiLR RBS. depiredopeptdds)in merdvEdrriod Tihes Acm I8iggroup requires
treatnentpgﬁygegkhe@ss&hhangsrsgﬁg gglign é%}?@% Js$%JQQ§|y aci di c
y wt r{\ - %p o€t hanol".

condi ti ons, and subsequentl nerc ese conditions risk
nmodi fi cat Lonretstihglpotypéptirtie, te. potAspyGihe sieop eroe oumyfbetsensi tive to
strong aci,d._.whi.ch can cl eave {he, peptide backbone. Carefuyl, 20 purification
is requirSa°ot6SSngGHECPR L C8I Pﬁlﬁ@r‘g AR 9%%% rORYHE IS ypeptite. The
Msc gnoupgesckandyedcdageedsthofgtie bagheneondlids QNS WhH Y L 1@ p1odi fy
pol ypeptides, e. g. dehydration of Asn residues. On conpletion of the first
fative | i §BEPOALPEACPPOAMEBOL ABLAS xt Uheuglk prAsile), thefaw thaom nal Cys of
the |igated, Pepti decksSat henkd and, t ' IS qurified. The
product of the fi (rijs'? I?ggti ong{?‘lgﬁlg%&tgéﬁée% par tﬁ%]@a)r%%%r o}altg}'vgﬂcfeﬁném cal

| i gation ®iph.a3thb6d-pept i(d899hi chriaseta 4hi0est éPrgr dllm. THS%S BBASESS i S

r epeat ed the.30 entirpe, sequence of th ol ypeptide. This, in
e o] pPao120hhS) pnindSs SheE e SEANETES i 18 B VRCR el &ip |
Howeveas t hepexaoptes tbrihehavelbeeproise! osetharerodusiibd af lengldh as

t hose produced by native ligation of two fragnents, W03/ 0707(
PCT/ EP03/ BX?881B5e. §uchhfBeliteplerourP¥elRHEt synthesis of human

secretory phospholipasg 82aeloforesbflbng (A CNG AL, o e WBnbul

di sadvant age of the sequential l[igation technique 1s that t
purifi cat Pénrepepdenepesdarybiakieyt PBSH ¢omplermarsian ng;edtabiorudnthens ve

and t herefqr a.get hod of, production, t hods t.o accelerate this
sequent i aﬁgf‘ﬁgg?’%ggggaésggﬁﬁﬂgﬁﬁe?%e{?i ‘glé? e‘%ir‘?{?erl\i%‘re’rﬂvsenowoa{l oIS neri c

resi n2bavprbeensdssblosRilchy fECagmenes af.a JA9%imhen 8\ hegiwrditkel 11 8
resi due human grox V secret age of this "Solid-Phase Protein Ligation"
appr oach P§iBHaf® EH-EPaﬁﬁa?M FhaRrs? sapdistheR grapihed Ehdwed% add the

purified enerimaabthr pggeRint OTHRE, I Bk SoR eVl Ch, the dHagmendes. aiss-
assenbl ed by native I1gation. 15 Native ligation relies on two key steps.
One is théd7Pi §aPPéh 3pdpUBud) bBh, 3hé demcpdpe ilths. uFheoSavdridrd s t he
preparatigﬂeﬁicglpfggggfbﬁlanégﬂﬂfgét€£o éébéfghgmgfngjlarger protein
25 to form a full length protein. By this method, polypeptides
are prepared in a range of lengths, including 11, 39, 72, 99
and 110 amino acids long. The native chemical ligation
reaction is carried out to ligate a first peptide, of which
the N-terminal residue is a Cys with a reduced sulfhydryl
30 moiety, with a second peptide, in which the alpha-carboxylate
has been converted to a thiocester. In agqueous solution around

neutral pH the peptide-C-alpha-thicester can react

chemoselectively with the N-terminal Cys on the second



di scl osed by Dawson et al. (1994) the peptide thioester was synthesized on
aresinwith a linker that, on cleavage of the 20 peptide, yielded a '
peptide thioacid. This thioacid group was subsequently transfornmed into a .
t hi oest er WNOXGDBHi on. Li nkers have since been disclosed thEUVERFUIE
pepti de-al phat hi oesters directly on cleavage (e. g. Hsckeng et al. (1999)).
These linkers are only useful if the stepw se assenbly of the 25 peptides

is by the Boc nethod. Although useful for the rapid synthesis of medium

ength peptidesee il Bomm PRtk Lond Bps EIf eI Nty 1y Che syntpesi 3 of

| onger peptides. In fact it has been no
| i gati on, Thes prperisaneegsly esndmeyads fanttd singis e pePtidassadddiddn a4 he

| engt h of recursor fragnents enployed in each ligation step to 30-35
resi dues (g%é‘gv?|‘?aa*%ﬂn"%tp%ﬁg?l‘?%%m‘j?.a‘?/ntdfa%ﬂi%qqﬁql,on SidRaianddsti des in
reasonabl erpgehéyaty Bos Shermsdry t W ags Cv 3/ AL 707G

PCT/ EPO%/Ol 45 9 of the peptide f%lon%hi%hl?resi n rrus“\{S \bégo%gne J’)%'HI‘}‘“}1 which is

hi ghly T ox@¢v28tagRe of hehisrdiechsitdio jof $RRS tiammsptisks fhegjrertenditd ons
for ther i &1 ha . rot.ecti ng grqup (Fnoc).

Thi oest er gﬂgirlest’ n%fpéﬁ%%lgéctl ggrf%ggjed\%?n% ?}l&hgl,lpasno&u%llten%ﬁbﬁ pAIFEES

t hi oest er ss¢kopntld vsesd duespuol 26 ttasi dies ihavhdagyidhesiezrd by the
Froc neth ) i ppi ngdale et al. (2000), Li et al. (1998), nodified

li nkers aﬂg ‘%%Iﬁtﬁﬁqa‘?%g’r ggeiiﬁoce-iﬂé‘d’r'ot Et9Bn” Brgi e Pfg@ tld gBG User used.
Even so, apsiaterabl @hossromal ofd Alaye RLMOILG G eaNAd ol PERY de

fromthe resin during Fnoc deprotection nmakes these resins I npracticable
for syrt hes' 9%y HiFHepiqias humest dndeemon-edentl,y conbsdfsdty- cat ch” _

li nker has gpenidh, rEp ted whj facilitates the synthesis of thioesters? -
by Fnoc chem strly (1 ngeni%l\guea . (1999), Shin et al. (1999)). During the -

synthesi s the |inkerlimsi ataicti v tativel etefiles. 14 aelilawwag assenbl y of

t he pepti qieechaljn t ehtleoi nker is activated (so switching off the

"saf et y- cat ch )" And: DF §ept ifde e H-&aradndilt R Fhel §-terménmla

ful I'y- protregiteiiep eirtd el Pk QR -thIrselatiﬁa@at%hh ay(:iAt%an\%%ﬁvﬁnger S
W - I'ch may

then affords the fully deprotected peptide-al pha-thioester,
be puri¥i dd i REEMeafetaideyr Seei due sRRuMRLEaTrTo gdate st hiayeshbehy- cat ch

| i nker has,:heen reported in the,25 synthesis of peptides up to 24 am no
aci ds Iongj%cﬁgoesr% "0 et~ Al .be(af9§§)af“léﬁ’| i Piélf. e-P999fPY PGweter PEORas

been repomad .t hatact! ervagersaf, as21 @amiano @eid )pPepti npheshzed. gn this
| i nker produced very little materi al (.Huse( et <'31I'. %%38%( %'tﬁ glrlld gﬁgt t he
desired 4#Stsi die 138t i @®0dduled morrBacobbdicdsd 809 Maroaer ekl elet al.

(2000)) Wit atr Nl ey < 168 01 AL B gL HRERLL 8. | g
20 nmnative residue at the ligation site the auxiliary comprises a
moiety allowing cleavage of the auxiliary from the peptide,
e.g. by strong acid. ihj
_ Since the disclosure of the technique of native
chemical ligation, it has been used frequently to make
25 proteins. The polypeptides prepared by this technique are
typically 70-110 residues long (e.g. SDFaN33A (68 residues),
Ueda et al., J. Biol. Chem. 272, 24966 (1997), Eglin C (70
residues), W.-Y. Lu et al., Biochem. 39, 3575 (2000) and
barnase (110 residues), US-6,184,344). The longest
30 polypeptide that has been demonstrated to have been prepared
in high purity by native chemical ligation is human type II
secretory phospholipase A2 (124 residues) (Hackeng et al.
Proc. Natl. Acad. Sci. USA, 94, 845 (1997)).



PCT/ EPO3/ 01745 I n view of the possibilities of native chemcal |igation and
the sequential ligation approaches descri bed above it seens surprising that
t here havwougmm7tew exanpl es of pol ypeptides over 110 respduapoiidais have
been synthesized 5 in this way in high purity. The | ongest published

synt heses are those gi ven above by Hacke7ng et al. (1997) and Hackeng et al.
(1999) of the 124-residue human type Il ‘'secretory phospholipase A2. Cearly
there renmain probl in_pr.oduci | ong 10_pol ypeptides (120+ am no aci ds)
of high purity, e\}gﬂ%ﬁjﬁr‘l’%at‘ﬁové’r8ﬁgﬁ?csﬁe?i Egg?g h bFoketrents@ierad e

chem cal Inagztiecomheieadi fifigattliby hssi Beghed&@i&éﬁid% S (S ﬁ%ﬁgsg eﬁﬁgﬂ _d’e

t hi oester: ar larly by Fnoc chem stry. Boc
addi ti onalspr(ﬂ%s‘aé{?%ﬁ't'a@@yafihatgcﬁi-gﬁlsﬁrt 8ﬁi=ci/9ﬂ3f635(l|%%‘@j) X o M5z | temten itduee

peptides fisa® the %N rARSLRGI JLEASPR,LS eptides heco | onger
they are rel ati ve%y I essresol tJjbI e:a so§;e gékfél%ﬁ%gfo 1$%%1?q,g%q%%%% are
sl ow, ahd AFh#®rp dragmentisi gaei srgtientisdlpel igaesd FoydtasnDrEe W th
regard toJ;he;in fer proteins.20 the synthesis of the peptide

t hi oesters lneggstsfgagﬁfglrgsngtgfn &' ri-get ESEhié é‘%f\%lﬁ‘ eyt R ek lendremn

exanpl e, MtterfrdnaialCybasebavdacf ﬁiul%t(}yiﬁvéeggt@@écﬂnd)q#gdﬁ)% Jnel9: 98
and 137. Tod%%hesi ze these proteins by one step of native ligation would

require tié RéSi §Tol~&'pBpt PlelbAi BESt bP RPERGENO thipwptEcieds and a
bept| de ofceb@raag! dues 16bbeENALI YAl Logyols A3y dd Al an nodlg [ eduire

synt heses of either a peptide thioester o e acid
aci ds 1owhMeRerbdes BéE ébensapeesdigfiéncel tot formkel igonprmct imaltiwiakd and

urity. E hesi s by t t f tive 30 ligation, b
Cat 1 ng LER 280585 HRY Rt ped) wat Ee g tom et dipm
I'FN( 29- 169)ebetr wbuhd . begnermssahymt OSHE P € uddi 0epiAn Qr §Fam no

aci ds, Iong%hwjrs]a has.eve een reported. The Cys at position 1 in the
thygRBiro78y oo P

sequence ™ B28¥ 6 EPPsPaTan! 1{Teswen dicasl andirtter Jor obl em  as

even for a@epwidst BpotbgAt REY. Lt hys. Oys & prafe d rihng.the ligation
step and subsequently renoved. Foll ovﬁc) :Sfre g’l di'ng g‘%a r?%u&&eyag&i de into
the ndPi vETEBRf 6PAHiFeA bhdabmenht PDrpedtides Gyisch ondranmyb dahescorrect |y

ai red di i.d d citive.protein nmust be jsolated. As noted
gbove, thiggkigg1 gnﬁg?ogtﬁélgg%grééﬁg%%ecﬁ%ﬁiﬁqsdnad'fCl 59 eSS R Aa M th

prot ei ns. BAnepeaboglyhahbBl eThESRI B MRS in d ?nofz'{iffifc%ﬁzi%n%%c%ﬁ% to
produce interferon proteins that avoids potential 10 contam nation by

mat eri al PPEERAPT{iACcef} g} yRopeSlYrsequenche euhydurd merariatieientpuri fi cation.
Furt her nogeyohheLe; s d.for rocess which, avoi t he extensive
purificati oﬁoo(? tﬁ?hd???f?p?%?éf%%%%tt % REftideda -r EBSRHMAant
proced8. Purifiecatiterisisequieed ta dhsuss ttfar aat hedswek, 15 chenical
synt hesi s ich.are capable of synthesizing interferons and the |ong

e thetye ¥

t hi oest er S HRERR sHF St oFe t i iesi B Msmignaan igaresevert under

cor di ngsyrangDP| 1884 Of cdhi®i Pf &S Nh4 QY et 0 Y for the
%r duction of interferon proteins 20 that av%1 st gqﬁyggogyggggggﬁ’lshati on
Wi th rous®: ¥ mifsgiestiom, of i Asmesesiduer f erons extended by a Met at the

N-term nus and otder.i dides ociated with the, . production,of
interferons in cells. It 1§ ano ﬁzgleob%er&dc SPHE ﬁﬁ\?@%‘t’“PBnr{aﬁﬁFlPBI | owi ng
ref ol @9 ngterdnifitoun ¢ | U fhrddfjee 5 oy Matdeiinatiecher oF whihihighegurity and
activity ﬁé obcriai nedti n ope lpuri fication step.,
ptlide is then deprotected and the mixture is purified. The

product of the first ligation then takes part in anotherx

native chemical ligation with a third peptide which has a

thioester group. This process is repeated to assemble the

30 entire sequence of the polypeptide. This, in theory, allows
even longer polypeptides to be prepared in high purity.

However the examples that have been disclosed are of similar

length as those produced by native ligation of two fragments,



Summary of the Invention ' The present invention provides inproved methods
for 30 the production of interferon proteins, conprising one or nore
cysteine residues and two or nore pol ypeptide subunits, which nmethod

conpr i seswWhes/sbeps of : W03/ 070764 PCT/ EP03/ 01745 12PCHEP@WMﬁhES|Z|ng
a first polypeptide subunit of said interferon protein having a Cys, or a

| igation auxiliary, as the N-term nal r%§|due by solid-phase peptide
synthesis and purifying said subunit; 5 (b) synthesizing at | east one

addltlonal pol§£e tld% ub%nlt ? saj d |nte£ eron oteln havi n ng. &
pr ot ect ed Oy %FOF EPed Uk FraPY=ar PKB ?%? a?u%%% Apcretory
al phacar bgrysghe 1tibagesher (atzzn l&@s@h@ém mﬁhch¥n§0étdapha$29@@pﬁ'l de

synthesis and purifying said additional subunit(s) igating said
first polypeptidePsGBarvarsadIsard 58 ﬁ?aﬁaptéabu#awﬁ}%yt lF%u%hem cal

ligation to l%%%““t%e alauli ltlbﬁﬁgt PFHE%BEEBH BQ&%QER&:Q% 3&% émé’lhi‘g sai d

‘protective noiety fromsaid interferon polypepti i zing the
cyst ei e ﬂeswdua&smmlmhe pebypeptitdesaned ﬁcﬁdthgrsﬁode|n®etiﬁr@m a
polypeptlde its naj e con t.ion; and [solating the refol ded,
b1 of o1 ¢l et e BFRRAAFaPSn HPGRaIA. Co0RTHe fbehOdSRLF FRESFRUERL on

al l ow i n pargitdwnabyf @rssrehma@tgl ah@haigawﬂt FesyBeftst ¥R QrpoDyRefi@gments
of the interferon protein, and takes advantage of the c stelne resi dues
present |ﬁqsﬁpe@ﬁéﬁoﬁ§epodPﬁ&éPéeﬁhéysgﬁaﬂSt8tp6¥troh§9 o ¥8?m the ful

| engt h '”Eﬁ%&%.%&z@ﬁ@%%b”11%5r£E&§ub“KE@5h°9 fphose CQQtﬁPghu“expected

di scovery Interferon proteins my Bsi ze purity and
bi ol odiCcalphaspihnltipase @Zebycahisymehbeds. ATHi sadethbdghastt hieiadvant ages

f idin h bl | nt t th t iy
o or e me, e B o P b PRke o BebrraR RuaFBAE Bonastendgtd® !

potenti al 1rl|nsd@scsvwfﬁ1&tl Blee bi-epersdpaaduagddbyof aa@nbheapﬁrmw@@ cMor eover
the inventor has surprisingly found that interferon proteins of high purity

and with figanigiadl dgaeament tonphesrgrarcer phirbpbBe(frzgments are
assembled by native ligation.

15 Native ligation relies on two key steps. One is the
ligation step to join the two peptides. The second is the
preparation of a peptide-alpha-thiocester. In the method

 disclosed by Dawson et al. (1994) the peptide thiocester was
synthesized on a resin with a linker that, on cleavage of the

20 peptide, yielded a peptide thiocacid. This thiocacid group was
subsequently transformed into a thicester in solution.
Linkers have since been disclosed that afford peptide-alpha-
'thioesters directly on cleavage (e.g. Hackeng et al. (1999})).
These linkers are only useful if the stepwise assembly of the

25 peptides is by the Boc method. Although useful for the rapid
synthesis of medium length peptides, the Boc method is less
efficient in the synthesis of longer peptides. In fact it has
been noted that for native chemical ligation, the process
requires use of fairly pure peptides, limiting the length of

30 precursor fragments employed in each ligation step to 30-35
residues (see Villain et al. (2001)). In addition, to obtain

peptides in reasonable purity by Boc chemistry the cleavage



activity are obtained in one purification step by reversephase HPLC
follow ng refolding and disulfide bridge formation. Furthernore it has

sur pri si ngbysaeeey found that |ong 5 pol ypeptide fragnent spof/Eptseinsst er f er on
proteihs may be synthesized as C al pha-thioesters in the high purity '
necessary for native ligation. According to preferred aspects of the
invention the biologically active interferon protein is selected fromthe
10 group consisting of an alpha-interferon protein, a beta interferon
protein, afdiize geapte-dantirdertde pestia Rushapei 6anar Py PFef ¥Riel #fterferon
proteins are jnterferon al pha2a protein, interferon al pha2b protein,
interfero% g?%%a écﬁ?btein, synferon, interferon al pha-nl protein, 15
.interferon al pha-TZe prigtiet npaianchdtiicer fofr GPPSEI, phaor3 peetebnsiThe

pol ypeptide subunits_are preferably purified.usi.ng.a ¢ol chr omat ogr aphy
techniqueCﬂP@ht%%@%réQF[ﬂ%&%er%RﬁﬁﬁﬁééénﬁﬁmEW@&rgghghﬁe ﬁaﬁgggferred. The

‘pol ypepti 48, 88LLNL Sq By b@aﬁ&f}t hesizadvar 20 réanioeustaBaes thnaesin t he

art but are preferaﬁ?y produced according to the solid phase synthetic

met hod wheewdit ioes Nadpdh aa belaewah i Rap tisieetiplioe sgemsy ey Lie tRYEGRGEar bony!
(Fmoc) . AGgoBdli DY, [, 006, 5008l Plo U ICRENTy RYRNENBR, nidt8od5 (sBler feron
sequence 'S bBroken dowh according to potential "sites of ligation, with

| i gation cappplrgaslanytcyst ei2@0esilduest Fdr. el®PB)e, modidiifdr on- al pha has
four cysteine residues at position_.|l, 29, 98 and 138. Thuys, th ur

cyst ei ne #égkﬂﬁésapﬁavﬁnﬁﬁgﬁn@%ﬁgp%g%ﬁTé%ﬁﬁ%}%ﬁlHQWﬂﬁqﬂflaéO@ﬁ %%%&Egg f our
separ gpe E@fhseas phehiukh, | 88 UOF M EL Nds2Et 'mad®94]1 98- F¥ematndd 38- 1 65
to formthe full length interferon-alpha. W 03/0707G 1 14 PCT/EP03101715
(") Accor dicdgavegenefepsptidenfreon e preierdusing fiNesh REHE 9P al pha
subunits 1-97 a -1 65. wer [ qgﬁﬁgﬁ;V ' hase
chenistry?agﬁgagg g rS%?%ﬁg ?gg%ﬁgé{?%%#%dﬂ%%g erfh%gg#%?§%¥gﬁpand t hen
oxi di zed peptatim phieesbekull |ength Interferon-al pha protein. According to
a second enbodi nrent of the esenj i pvention .interferon-al ubunits
1-28, 29-97 and 9§9f85rﬁE?BEéVeﬁar@ﬁE%EYB%aE%$Véﬁ?ﬁgﬁéﬁug%ﬁggﬂghase

chem sty repbedvadwhi em Fhein €8k Reandhus i tivss i &raf manice 23197 and 98 10
165 were ligated together, the N-term nal was deprotected and tﬂf resul ting
fragment Fowotsshems skiryatdagenihor phghtnt (1998) k™ vils fepr bt et d and

the fu'l'Eﬁ%g%%ékg§§§&ﬁkﬂgéagpQﬂe“@§n?€£iigegnaa¥¥%ér%é”ﬁ&%iﬁbﬁﬂiﬁﬁbywm

refol ded an esidues were oxidized to formthe interferon-al pha
native 15 Rslilolrinas aisselnbilgd offr bhet heptdflel dhagn ntlxe ukkerafford t he

bi ol ogi cal |y .active protein. . According. tosa_khird Tl t he present
inventionQ4$ﬁ¥FF§PoH§8IEW&tgaﬂﬁﬁinflgﬁg, 53%§%¥ c§€?§3#m§%%'§%%-165 wer e
prepargd yepid deonverticarald sakhdtphiase 20 cbemi st fyllygtpaveectedm the

resin and purified after which the fragments are IF ate& together t he
N-t er mi nalPeRdidsredpba —4id oasderul Frrargenti KLehs gn@ PR FER et ed. ~ |

Ihe interf éHF§¥ﬂ3ya§ﬁ?%er?ﬁﬂhgeQﬁ%&%tﬁﬁ%e@yEeﬁ@ﬁHQU§§pM§L€hﬂdé§téﬁﬂ to

(g}nlthe interferon-al pha native which was 25 1solated fromthe refol ding
m xt ur-e t ovteifdtomchyt be Ipivolidiecablyy sadenideadpmetbpas Agebr 88 nBPTBPECf ourt h
enbodi nent_ of , t he pr.esent_ invention.i.nterferaqng h htsnleRd, 98-137
and 138- 16%° #3-%r S FENGES v%ﬁ?&%ﬁaﬁagoP?%BpEgégpgﬁgnﬁgtry, 30

cl eaveth f rom e L9 M gk ey fuped calieamihicchctiie 1oagnéfhgenikol €gat ed

together, the N-term nal deprotected and the full-| ngth Fnterferon-alpha
purified. @he (F%erBimIghali-srdfP%dd HRYVRE &fsi'fEs

to forn1trEhat cleavage of a 21 amino acid peptide synthesized on this
linker produced very little material (Huse et al. (2000})),
and that the desired 47 residue peptide could not be obtained
30 (Marcaurelle et al. (2001)). Whether this linker is stable
for producing polypeptides longer than 24 residues is

therefore unknown.

§68sTEPRT 5% di zed



WO 03/ 0707GL PCT/ EP03/0174s 15 interferon-al pha native which is isolated
fromthe refolding mxture to afford the biologically active protein. Brief
description of the figures 5 Figure 1. MALDI nass spectrum of

i nterferoMQIHHEPY synt hesized in Exanple 1. Figure 2. AnaPGUERBOIES C of

i nterferon-al pha2b synthesized in Exanple 1. Figure 3. MALDI mass spectrum
of interferon-al pha2b 10 synthesized in;fgxanple 2. Figure 4. Analytical
HPLC of interferon-al pha2b synthesized in Exanple 2. Figure 5. Anmino acid
sequence of human-i,nterteren h Disultde_ _bo .are bet ween
Cysl and Cys 98, %g ?ﬁg bggﬁgg% %égﬁéggggk%ﬁglgg.H%E%?%I%%g%ggg%iption of

t he | nventliigatlive pnesdht isevernitdalpildgatdésnaappkuschast aetbeilpedbl ens of

chem cal 'synt hesi.s _of al pha-interferon ich 20 present _.a challenge to the
art by vif &geo%ttﬁ&ﬁ?ﬁcgﬁﬁpgiﬁﬁygaﬁﬁaii?g?r?h aﬁgegﬁﬁ? Fﬁveﬁ¥?%ﬂfgﬁlates

to the predugpblypedtiddsnioeehenan peetiauBs biadSBa0b BeLhdsphasespepyi de
synthesis_cougled with the native chemcal ligation of sections of an 25

i nt er f & ofPpbisi 2o iPofdghheurdity -| Ehet hopesssi rubThahedr geathasesf eron

protein i i y Il 7 ystelLne reshdue hat e _present
in the in?g%¥g%%§%p o?gghégégghégggﬁggﬁggrééiégé 6?2%2 tg?% ﬁ%%E%%?QéE

i nterferomlprdiléi®?)i ofatpet ddi-akssidue bhmkhgaypeniIvkereetuwpysecti ons 30
of the quhoEeﬂgéh protei,n can be brought together to make a ' | arger
section of THhE'PurPePEndth interferon protein. This stepwise ligation of

sections of the iauee&e@omh@&@tebﬁawhlbrob¥@ﬁ§/QKO%QédEQE£EPP§A817~15 16
eventyally lLead to the formation of the full length interferon protein. The

first 1$ epot¥PEREIREENdd 20dnpRiises achdssyREnBEDE BRCALYi reverdeyion of a
full |engthinke retein s . S0l s i de synthesis{ ¥
( SPPS) . Tﬁgtéﬁ%angﬁggﬁﬁt2%§F§l§¥ gép%?gggﬁgﬁgg ggF?ggpﬁgggpéﬁgport i's fof“)
exanpl e dédgribed -bpnkediifffieudty1963)Lin Ehel dgnahdsNebbe {(bR9ephraer di ng

to the practice,of the present invention the synthesis of the first section
of the fulTPERGER"pr BRELECTA 24 BYpFBPE ﬁﬁ‘éﬂ¥f’%v‘éype%‘??d%h?‘§l%‘|:’6§ﬁg]%?%d to
a Oys resh@ueadaﬂeiehaﬂnd@baagahka?ebehaﬁ ARgr1{r eaxiheuf- 1 griHyscbo the

Nt er m_nus. Upon conpl etion of the first section of the interferon protein,
the sécti 6hep¥eclBgyBEPLiERSt AECReshR &RA1Pur ARpEHenskagsen ahgaklatorsm

Chro”atOgb%BEYdEQCB@EQH%S%oﬁée&nﬁhggiQger§¥§5§§v8m?sfe§9|ggfuble
p d

chronat ography. The secon | ypeptide 1's then syntheSized on a te¥7n from
which it tg bénetéavedtt 6heoligatpept stlept Areeslew, #&wod ewaspyrehdsor di ng

to the procedure.of Ingenitao et al. (1999). The pol ypeptide is elongated on
this resiﬁ%bgyggﬁéoPrS%F héOdepggw?%On precedi ng the cysteine residue at

the N-terminal of Fhltehbirmdtrepoliypapkideriotanehbesnfysredbh Sps&€oNss OYs
bearSE% p% geggkggegggugftgﬁg LgpiggglEhggegggrgoggéé;gggyuggg égkive
ligation is a challenging task. For example, interferon- -
alphas have four Cys residues, at positions 1, 29, 98 and f'ﬁ
137. To synthesize these proteins by one step of native |
ligation would require the synthesis of a peptide-thioester
25 of 97 amino acids and a peptide of 68 residues. Alternative
sites or native ligation would require syntheses of either a
peptide thioester or a peptide acid with 137 amino acids,
which would be even more difficult to make in practical yield
and purity. Even for a synthesis by two steps of native
30 ligation, by ligating IFN(29-97) and IFN(98-165), then IFN(1l-
28) with the ligated IFN(29-165), it would be necessary to
pPrepare a thioester of 69 amino acids, longer than has ever

been reported. The Cys at position 1 in the sequence



remove the protecting groups fromthe side chains of the other residues,

i ncluding other Cys in this peptide. Upon 25 cleavage fromthe resin, the
second sewbin7d7s4 purified using standard col unmm chr onat ogCcafERry3/diechni ques,
i mcl udi ng reverse phase col um chromat ogr aphy. Upon conpl etion of the

i ndi vi dual segnents of the interferon protein, the first and second
sections of the 30 target interferon p dtein are | i gated together. This

step is for exanple acconplished using the |igation technique devel oped by
Dawson et imlroquamy)anghe Narobdcmal 26y 8VER £RE PrbHACECEP omt IRE T gat i on

reaction {194 nef, dRROUSELEL A oq aOGSARLOTELRETHEPGELA1dng 17 the

fully depfotected product i's purified using colum chromat ographyz
-i ncl udi ngswieswensen phaseecotadn kidowinggreshydifyi efsthaenesyptrsy®t hesi s

on the solid phase, 5 followed by .ligation can,tormth u | eng

interfer o?‘PE?oé}é‘? ﬁ‘ﬁ‘%l‘b%l‘“f%ef oI Séitllggﬁ‘loP P% g%% {%gspggftfﬁ%d
‘nuner ogs thaesorddtiy heaftdd diengtfidy eloeids,i shkonsedveCpeetehe hust
|l ength protein is synthetically forned, the tertiary structure of the

i nterferopepidebiteds Af|wied BPAE bditopér By "gd08l BpellcBngnt hge
cystei nesggég?g,éi%il zed El?efPr{]é’Bn%i%HJﬂ ends.. The biologically active IFN
olated by

is then i col umm chromat ography. It is a preferred enbodi nent of
the invention thatctbedimglyf ertmrproireiing @ aeedntior tbeoarsl pha. alt is a

15 particularly preferred enpodi nent of the.invention_that ihterferon
protein i Eraﬁe¥ﬁt{eﬁ’f%¥8ﬁ-%ﬁ’ pHA St e P 1T gﬁqﬁwgﬁﬁ%ﬁgo&?sl ?E@SPEE%&

| FN- ah ghaghnt Afibhat pba2ey angk Synd Brprs sdrit dne eaiodiysemesobrt he 1 nventi on
t-he full-length interferon-al pha is assenbled by |igati n% t wo Elegti de 20
{ rhgrent s1B6RPANSPAGIRFAPAI PRFOER 18551 AR -2 FP@%&@ JO&fs LESfRetS

N-term na j4d i Do LDEs aliphén carbiy el dHepRIN Rirification
| FN- al pha%lglg%i, Egréaérel: %goggp? otected Cys at the N-term ngﬁ. | n anot her
enbodi mentfofheheathvenproheihetat | 25 tenygited rifether gedoabissasbl ed by

two ligations of thre eptjde_fragnents conpr,i,Si | £ ~28),
| FN- al phaP288§95%an quRl-gﬁr pjﬁgfﬁ%-igﬁ ST stheenb%% | %r?%%(o rsagkrrent s
conpr i1si NnghkiNcal phah88ek65) wandh | &b ad ke B9 -&XF )s varhefdirzsitng | gat ed and

purified to form|FNal pha(29-165), then a second 30 ligation.is nade
bet ween | EREGEERECRS 281 dakbe| FRPGI PREPSYUBS] IFFHARY Eal PIvdEL- 165) .

Alternati %ﬁln hekhg B?r ﬁstieegmgm@ﬁ? | FN-al pha(1-97), | FN-al pha(98-137)
and | FNal p a)(l138-l 65) . W03/ 07076a PCT/EP03/017:t5 18 In a further
enbodi ment of theItnieneiconrehegiyl an| epiedt i o differresanasigeimIité® by

three ligations of four [ f i S Al Ahal 128
-1 FN- al pha(2987 Ylijﬁwgaf“ﬁﬁg%sg%7?3%%9‘{@&@3{Epi%afflg%fﬂl%. 5 ?{ s A
pr ef epoed taakodivatat @het ReskneEntonbahimstide wotlypeptsele fragnents are
synt hesi zed by the nethod of solid, Eas eptide synthesis )()\??PPS .t is
parti cul allW“BPSflé’PPé&nt'héftlrflﬁﬁspoP'g ‘éﬁ%?g%’[??r%’é‘?ﬁe‘ﬁ%?g?% 3 Mhés 8 by
Eg?c SPPSy-terminus and other impurities associated with the

production of interferons in cells. It is another object of

the invention that following refolding and disulfide bridge

25 formation interferon with high purity and activity is

obtained in one purification step.

Summary of the Invention

The present invention provides improved methods for
30 the production of interferon proteins, comprising one or more
cysteine residues and two oxr more polypeptide subunits, which

method comprises the steps of:



10 In preferred enbodi nents of the invention the group used to protect the
N-term nal Cys of the additional polypeptide fragnments is selected fromthe
acet om domet hyl (Acn) group, the nethylsquonerthonxycarbOnyI group (Msc).
or the thwareda7efiéhe- 4- car boxyl ate residue (Thz). 15 It is RCHERBOITE] *
enbodi ment of the invention that the pol ypeptides are isolated by reverse
phase HPhC. I n another preferred enbodif?nt of the invention the ful

length, fully deprotected interferon protein is refolded and oxidized by
(a) dissolving th fuII Lote ted 20 nte fero |n a ueouy uf er
solution with a c gen ggeg 8a gE%ﬁF %f% Lﬁ?l%?%nt (ésolve
t he i nt er fierenr feebyipepbiteen ha)fldgl utcyg,the aalﬂgaﬂi@ﬁ)@u:biﬂjfﬁy,sdsﬂl on _
wi th anot'her solutign containing a redox couple so that the final
concentraF@@nNbFeFWén@&aﬁeéﬁﬁPﬁnPgaPPng RhERE oPePREde 28v Rk He §9%al pH

isin the%; NG& i tgagd anghunét ;i ncubating sai d aqueous buffer solution at
a tenperature of 20-25C It iIs a preferred enbodi nent of the invention that

t he redox coupl e il®)sevachediziom ahelgrstponé @dddtz@mahHDlemﬂmﬂxﬂe
glutathlon cystei and .c stlne and oxidized.and_30 r st eam ne.
is a fu%ibhe?‘ﬁ]o‘r%(i,'\r:?%rrgdle)E tpg?g?ﬁe f V%ﬁ?l%npfﬁ f%%(f 7 ol 'ded and

OX|d|zed @ﬁt&@kﬁk@ﬂaﬂ&ﬂﬂ&ﬁﬁyﬂstlShbaNedermVﬁhD3éﬂaOZﬁaa£§HéEP03/017 t5 19
as biologically active protein by reverse phase.  HPLC and | yophili zati on.
The i nvenGedhBVHEREr FBieestrat 8§ £hei hreprBidal pbYypeptidelatmuni t

sel ected e n t p e
resi dues %I%%h%@ 3%Q%%§Q%3%hal ggig lﬁ% 8%¥89§H?%E§0§9?ﬁ%%§ ﬂggﬁgglpha and

to thdQuse of conéeﬁuﬂﬂm@tp@@ypepﬂ|@ersbbpquseBEEGetedbﬁmah1&M@ sbbv e
group for _t prod ctl

on _of. |nt rfer - gpe gmﬁresg i veqél n mnll
further i Jtrlé’tné‘ ltHé e gn‘BF % ?h PoFPoWrARATERRE TArRE TR RS way
i nt ended boﬂuyn4adﬂg1m AveRribrefonnpalypepyi dEXAMPLES MATERI ALS AND METHODS
15 1. Peptide Synthesis Al peptides were assenbled by Solid, Phase Peptide
Synt hesi s by the #ﬁd IFEFWB@G(Fﬁﬁé BPP§?CtSVﬁtW€§§§YM£F%mc%ﬁ%?olIed by an
Appl i ed Bi;@g)st hegi.zer. BocThz-OH was purchased from Bachem
(Swi tzerl and). All other am no acids were pur chased from Novabi ochem
(Swit 2ér | and) . Thdefohmmﬁhngngl@éechaﬁhegnateesndgegr@upthaere used: Cys

\ginJ([ths; B\l,JVI %Al%%rtl-r eu aéln@d%’ lglng?%geﬁganergeEyg gﬁé%‘f‘?BEldPWE tc?e{ts Thr
native conformation; and
(f) isolating the refolded, biologically active
interferon protein.
20 The methods of the invention allow in particular for
the solid phase synthesis of two or more fragments of the
interferon protein, and takes advantage of the cysteine ;
residues present in interferons to ligate the separate
portions to form the full length interferon protein.
25 This invention is based on the unexpected discovery
that interferon proteins may be synthesized in high purity
and biological activity by chemical synthesis. This.method
has the advantages of a#oiding the problems of N-terminal
Met, or contamination with other proteins, murine
30 immunoglobulins or cellular nucleic acids, all potential
risks with interferons produced by recombinant means.

Moreover the inventor has surprisingly found that

interferon proteins of high purity and with full biological



25 Coupling was carried out with 1 nmol DI CHOBt and 1 mmol Fnoc am no acid
per coupling in dinethylformam de (DVF) - N Methyl pyrrolidine (NW) and
Fhoc deprgdesitioan was by 20% pi peridine in DVMF. Cappi ng ofcueEPBaat4sd am ne
" groups after each coupling 30 step was carried out by acetic
anhydri de-et hyl di i sopropyl am ne in N, N-di met hyl f ormam de (DVF).
W03J0707G4 ' PCT/ EP03/ 017d~ 20 Fol | owttAg conpl eti on of the autonated
synthesis the resin was washed with DVF and i sopropanol and dried under
vacuum SRetiEdt iage sirteinest iion oorl Bys1i8LaRrEYOBL AEPRI B8, TPURTFECati on of

Pepti des A% £aEd AU, And SLaLsE piaaga"B ol PrRRapel e HPLC ves done

using a dac colum mmparticle size, 208TP1022) at 10
.m/mn el binegcirt.h a | inear gradient of 10 acetonitrile-0.1%

trifiluoroacetic id.in water-0.1%trifluyoroacetjc acid optrolled by a
Wit o1 5 sorm - pr ep TS TRE S AR S L PR wRERoRPEBR eROY 101
<214mm 5 Frast f9dise WY e alidaraed J3y +MRL BhiMe rardnt Beseccabt ahpi pg the target

pol ypeptide were conbined and 15 | yophilized to afford the desired peptide.
| f necessyythesizad ors Gualehaepiricesé@ sy inh&hsahe ShePREYLY

Sem - prep i Yas Galdd out on the sanme systemand with the
sane_soIv@%?%%géﬁiﬁﬁﬁggg%rougﬁgékbgggk C8 colum (250 x 10 mMm 5 mm
particle size, 208IRwD)nAttd B fdrmdaspechsalfsicbeofinpeptidestiihe purity
of the peptides, anal ysed on a Vydac C18 col umn 38TP4). eluting with a
" near o b LRt o Tl B o PO Rt PP o REOE P e R PP WL er - 0. 156
trifluyugrogestp Ceartsd bt GANIP!dredihaa \WHeaiterdnl ibaaeeiHPLE Byshem The

anal ysis was nonitored at 214nm MNALDI - M5 was perfornmed on a VoyagerT"
£} t e Bi obpEerforen (BNt HaseAth SERET (EerSSFony #1864 st ens). 30

e i
alpha2a protein, interferon alpha2b protein, interferon
alpha2c protein, synferon, interferon alpha-nl protein,

15 interferon alpha-n2 protein, and interferon alpha-n3 protein.
The polypeptide subunits are preferably purified using a
column chromatography technigque with reverse phase column
chromatography being preferred. |

The polypeptide subunits may be synthesized by

20 various means known in the art but are preferably produced
according to the éolid phase synthetic method wherein the N-

{:} alpha protective moiety is 9-fluorenylmethyloxycarbonyl
(F@oc).

According to one aspect of the present invention, the

25 interferon sequence is broken down according to potential
sites of ligation, with ligation capable at any cysteine
residue. For example, interferon-alpha has four cysteine
residues at position 1, 29, 98 and 138. Thus, these four
cysteine residues leave open the possibility of linking as

30 many as four separate portions of full length protein 1-28,

29-97, 98-137, and 138-165 to form the full length

interferon-alpha.

S AR



WO 03/0707G. 1 PCT/ EPO3/0174s 21 1. Introduction According to this
Exanpl e, human interferon-al pha2zb was produced according to the nethod
wherein two interferonal pha subunit pol ypepti des were prepared by .
sol i d- phad¥O 8358 de synthesis. The approach taken in thi BCEERMMIGSES t he
synthesis of two |arge sections of the full length interferon-al pha
protein, wherein after one ligation reagtion the full [ength human
interferon-al pha protein was formed. Thus, a pol ypeptide conprising am no
acids 1-97 of 10 hpmh-diterdLr . synt (4 usi, ng_Fnoc- SPPS.
The ot her segnent of inféﬁferoﬁ?%?%%a, %ﬁ%ﬁfp%gi?ﬁ%npggﬁfgg,QRHSDEFSB
prepar ed UsttRr iR -SHRgia Avtorditg -0t kadpoésass meaepbesphedcyust agne
resi due at osi tion of .interferan-alpha_was utilized to |igate the
t wo sectiéﬁ%nﬁ 6%5} é?gx%éngﬂ%ﬁ%tﬁ?qqﬁﬁtrﬁgn&ﬂﬁaﬂﬁﬁaﬁrPﬁ&EPﬁgFSﬁlabpha,
whi ch was Itierted ltoweetHer 1 Qf@’wdé&éﬁiatdn\de,thléhmo%@d@%'ehyt@CE?Bfﬁ phiucture
and thg}n§¥ive di sul fide bonds and isolated. 2: Preparation o
i nt er f et o ph BB IeST B anmedinter @Fokiedia (98- 165) conprises a 68
am no acid secti o Qfo umRD dterd o si.ition 98 tpo position
165 in the anino acié)segﬁgnce%ﬁséaﬁggg%ggﬁ}a %%;%% ﬁé?oﬁfosPﬁ.
| nt er f er oA PHEL QO 8-1BH)E awars: erlgper ettty isel ildpiBaseopept bdg sgatbBesi S
(SPPS) on C- (& Bu).- Novasyn TGA .25 resin, initial |oading 0.13nmol/g,
on a_scalgro (ﬁ%ﬁ?%ﬁ%ﬁ{u i%é?“ﬁ£§l€P8&vé8lﬁﬂoRPPﬁ@ FBSMASLBY67g of
pepti der esilmavane fianf e (RS Sy RHETT) foell ErAKEHES 956-97 and 98-
TFAtrl%Fo%%%PyIS|Iane-mater-phenol-annnnlun1|OQ|de (21 m, 3 n?, 1.25 m,
1. 25 ¢9 0140 Feeorl WSS ootk eresithendis teamoved 86sbyepicbteatednandd t he
pepti de wWas PRGNt LE QY Rdd bi f ' th \Y sglution to cold [
met hyl t-butyl etheﬁg%ﬁ f%%%s of g%ﬂgﬁ)wés lgﬁgkgﬁogggﬁ gﬁaﬁﬁ%?EP83¥817a5 ;
The preci fintsdt eagasigpeidtetdeddpncerntei fujatiengand inveshedrbhreephh nBSsWi t h
cold nethyl_  t-hutyl .ether (2 30 M. and 1 x 20 m per tube). This afforded
a white p%ﬁﬁ%ﬁg%ﬁrpg%ﬁa%ﬁ%%ﬁﬁ%rppzé&pﬁﬁoﬁﬁacﬁ?ﬁelgépdaﬂﬁtEP? §%8 crude
mat eri al Tresdsivpsr wkired dX4 dSerid- RloeFakal kue Bﬁtggggroﬁigg%hgygggib zation
|nterEgron-al§$a2b(98-165) was obtained, 1.9 ng, 77%purity by analytical
HPLC. *3. ﬂﬁéﬁ deron Sef-attrefrerokhgl praebing7Tnbyshtachd efhytd3toe
Ter Capt 0pbAlQRealosRkalel Batbgnon-al pha(1-97) Oysl (Acm) - _
et hyl - 3- nercapto groplonate t hi oster conprises the first 97 am no acids of
human i nt er f er on- AcplRagiingFitg. a5thSEd eBbN@iméhtwhér eha pheséet ni nal
car boxyl groy posi ti 7 _has. been. converted_to_ 15 an
ethyl-3-nerca%?%%?ogﬁgkgggrgﬁi8§€p3r§u?ﬁﬂl%§tiF na?%éﬂ?nogﬁéia? A4, was
coupl ed t 338-4665f amykbptrepulreAMuBe iGN cONo¥abi 668 Mo DYt PeasEL hod of Backes
and ELl man %IQQ%%. Thgs, Fnoc- Ala-OH (6.0 g) and ethyl diisopropyl ethyl am ne
(6.2 AP) TBFPEL54GEd CoAVEHspERY Sheokeaigupndnprbifyeg| afder eehhcl20 (3. 28

g, initatnboadpgeht2aFunhighted EBLOLALO! MAdONIELmPYBEP (1.56 0) and

chloroform (5 m) were added and stirring was continue 8C for 1.5 o
hours. Theep&strohas fnct éhedfuhd~hespell whtbrfbtoneibphiz psopfdeancl and

dried und his 1 acted_2 | fonam groups were capped with a-
sol ution g%edkg??%ggg Hh?cgégoﬁé erfgngﬁ? 3ﬂ5]gﬁﬁy AP i SOPFAPST afrFR (2. 4
m) in di oklidierdt han€ofBChhe2intébratoh-aPpbher ngache CRPPERGyEHE resin was
mashegsmﬁth ﬂi%hloroneth ne and _after the second it was dried under high
vacuuht 30°THEPJabFRE SPeFRBECAAngaBikERsarba akforaginel/ g using t he
met hod desgbnbg@cgml¥hgch@V@bbggg@gh2000 Cat al ogue for Solid Phase Peptide

h )

Synt hesi s, page P4. iS resin was
According to a fourth embodiment of the present

invention interferon-alpha subunits 1-97, 98-137 and 138-165
are prepared using conventional solid phase chemistry,

30 cleaved from the resin and purified after which the fragments
are ligated together, the N-terminal deprotected and the
full-length interferon-alpha purified. The interferon-alpha

isrefolded and the Cys residues are oxidized to form the



"WD.03/07076. 4 23 PCT/ EP03/017~5 used as the starting resin for the

sol i d- phase synthesis on a scale of 0.1 mmol. Protocols and reagents were
t he same @@ d@B@Lekhe synthesis of interferon-al pha2b(98- 16prr/edid7ihe
following 5 exceptions. Ser68-Thr69 and | 1e24-Ser25 were coupled as the
pseudoprol i ne di peptides. Half of the resin was renoved fromthe reaction
vessel after the coupling of Lys3l. Thédsynthesis was continued and the
final residue was coupl ed as Fnoc-Cys(Acn), Fnoc-deprotected and

repr ot ect BHtQF E¢reHea T igiresu phdshd dse Aispdd teboFsomThber ssFal dasgwashed

?ESe(rj][ Ie(ra% gﬁg}ﬁaz (?ha%%vs}fé(ﬂ? %it %I?ng/ r?é}tégssg%r%ggl gl;]at e thioester 15

.The thioester of interferon-al pha2b(1 97) prepared above, was then cl eaved
fromthe Inenlto et al. (1999). Thus a
flame-dri€ @sk—was charged with argon and

.Boc- pr gt ect ed pepﬁi@eréeﬁl rm(ﬂbﬁ #Bs %&&Wﬁb@inﬁ:@&&@@éﬁf—ﬁiﬂﬁéﬁb(THF 10
mM) 20 were added. After 10 min. trimethylsilydi azomethane (10

sol uti on FrhRseheRd imsE=zateel dnd the nixture was stirred at arrbl ent
tenperature for 2p I Lbiration and
vvagﬁed W th THF an Sl?gn enta\\yaﬁpﬁ'gp%éﬁgl&g&v%germ E’%pkab% 50 m round
bottomflaskth@slbs@d]uamtﬂzgmﬂﬂetme. resin was placed in a 50 mM round bottom

flask and the fl kwas ed vvltha on. DMF (anhydrous ),.ethyl-3
mer capt opr opi onat § 3‘#%" C&fruﬁhlotﬁpﬁé’ﬁﬁlr%EBPuﬁllglﬁlP?b(66 ny

in 1l o a@pyaﬁ@§§zmn@§nﬂgﬂegd by syrl nge and the m xture was gently
stirred under argon for 20 hours. 30 The volatiles were renoved under high

g_ uum and t he reBigee vbs Aakytedadi HPLC of interferon-alpha2b
tr| [ sgpﬁgﬂgg%é@nfn@&gppgefol ammoni umiodide (10.5 m, 1.5 nl, 0.6

room t'enperature for 3 hours. The resin was renoved
by Figure 5. Amino acid sequence of human interferon-

alpha2b. Disulfide bonds are formed between Cysl and Cys 98,
15 and between Cys29 and Cysl38.

Detajiled Description of the Invention

_ The present invention provides a solution to the
problems of chemical synthesis of alpha-interferons which
20 present a challenge to the art by virtue of their complexity
and size.
o The present invention relates to the production of
) interferon proteins by use of solid phase peptide synthesis
coupled with the native chemical ligation of sections of an
25 interferon protein to form the full length protein. The
target interferon protein is synthesized by utilizing the
- cysteine residues that are present in the interferon protein.
Each cysteine residue present in the target interferon
protein is a potential site of ligation, where two sections
30 of the full length protein can be brought together to make a
larger section of the full length interferon protein. This

stepwise ligation of sections of the interferon protein will



W 03/07076-t PCT/EPO3/0174i 29 filtration and the solution was added to
cold nethyl t-butyl ether (MIBE). The white precipitate was pelleted by
centrifugation, washed three times with MIBE and the precipitate obtained
was di ssoMd/6797650- 50 acetonitrile 5 water and | yophili zeRET/ERMBOIESude
material was purified by preparative RP-HPLC. Fractions were anal yzed by
MAhDI - M5 and those containing the targeispolypeptide wer e conbi ned and

| yophilized. If necessary, fractions were repurified by the same 10 net hod.

I nterferon-al sl.¢ Ac - 3[Ter t pi onate thioester was
obt ai ned ?ﬁ%gggggggﬁﬁg%%§%§ngﬁﬁt?§§ﬁggﬁéﬁ;g§.§g§g£8%£ %?%%é?ation of
i nt er f er onndlepifa2bnCypsioftadm). 15 The ligation reaction proceeded with the

reaction of near uiﬁgnl%{ %nounts of the interferon-al pha(197)Cys| (Acm
et hyl - 3ner capt opr opifonat €t Fit68st8r thRd™Phied  ePBRL A phatds- hésis

| nt er f er orrFalapFa ¢ b+9 BECOKS lohAGH) aEtfm(tL'§8§§€Hp£99é99é9&§t€r$@éﬁ?sﬁ r, 2.89
5, 1.9 ny d |'ved

nmg, and interferon 20 al pha(98-165) , were disso I'n separate
sol ut i Ons SéRIGRIguaRildichPhmsehpepitdée Synhheods uhsPRdsphEite Eie@ica)l0. 12 ml

per pepti t . 1401S e i ned_and thi opheno 2.4 (t was
added and%?%gh§%?3t?ghiﬁggag%?t8@2% Ségggygﬁiﬁ?t%%Pp?ﬂgobﬂe#%¥ %ﬁ@&%h%ed
after 16 klewcsibel. BygMer2ifaerdd241860) s FileBdw AndAlsieTe 421 900y S

di t hi ot hreitol (EET, 1%gn§) ma% added. After 44 hours the solution was
diluted with 3 ml 26F°FBDEcELoAPEr PFECERFGuahi B i BEFERMbr i meeRiCRUri fi ed
by sem - prepakghitnesRB- BRLEheFirackions atpy<e jﬁﬂ#&' snd; £ hose
30 contai ni ng ?ﬁe target pol ypeptide mgﬁgégoﬁgi%%% g%gylyop Hfﬁggd tdrtl

af f or d0i niiér FerBReiEpWaZD- Cpel pAPH)delig7ehopgated WD 08/ Oy 7Gasidue,

PCT/ EPO31 4 5..6,.1P - at i of 1nterferon-al pha2b by deprotection of 'y
~r sl (Acns%%n?g% gr8%9%§%%%§§C§§i?gcﬁfag1£§9gn5? mggg%?gg%T@éﬂjiﬁb%. " ml of- ¢
50% acet i teapidusat FponAcsablitidbnobfOtBe nPioét Ss@Bt Lok i 6Ffagesate in 15 ul

of 500 aceticﬁgeid-mater \\as $gded and the solution was sparged wi th argon.
The sol ut FOASRAST8Yi PALEG Gentl§ FEFTEOROLS sCLRIVRAr EXGR dethaFRT iy 1nd | )

was addedpanrdftiba &ekubi @RanBsradbbahffl ERfoRafdsE 23 by he mxture
was centrifuged and thg superngtant was pur?f?eﬁél%§%§ F¥§$$%§?%%;a Vydac

C18 céPunhnc2agipgsreversei Ramkt ROAUMD ¢hiematounaplent of
acetonitrile-0. 1% EA t ,scontrolled by a Waters_ Alliance
system The purif?catFggoagsgé%g?%gF%§£B§gLﬁﬁ%ﬁ PO HES 1 Fet? o8t the
maj or peakrwer whanhl yzevagybbAtDealBd TdoSert rachéptsd€ ottt bd & thgr | htor

desired 13.0€ %ide wer .congin ﬁ and lyophilized to afford 0O, 81 . 7.
Fol di na oF“FRPAFT 8PGR-G1BHash THE EYAERLETR Thi DIFERHR ik vasl B loved to
fold intoThkepbilopegteak! Ysasl bMgatBE s SFIRs A HLARLY T5BP5 from the

20 position preceding the cysteine residue at the N-terminal of

the first polypeptide to another Cys. This second Cys bears a
protecting group that is stable to the conditions used to S
remove the protecting groups from the side chains of the ' N
otﬁer residues, including other Cys in this peptide. Upon -

25 cleavage from the resin, the second section is purified using
standard column chromatography technigues, including reverse
phase column chromatography.

Upon completion of the individual segments of the

interferon protein, the first and second sections of the

30 target interferon protein are ligated together. This step is
for example accomplighed using the ligation technique
developed by Dawson et al. (1994). The N-terminal Cys of the

product from the ligation reaction is then deprotected and



20, oxi dative buffer conprising glutathione oxidized:reduced in a ratio of
1: 2. Thus, 0.34 ng of deprotected interferon-al pha2b from paragraph 6 was
di ssol vedwpnsz@redes i of buffer A (0.1M Tris, 6M GInCl, 1ndMEEPds/@E0H um
salt, pH 7.5) that had been sparged with argon. This solution was dil uted
with 30 m each 25 of solutions of oxidized glutathione and of reduced

gl ut ahi one, each sol ution contai ning 0.1 nmg of glutathione in 30 ul of
buffer B £0.1 Iris, 1 nmMEDTA sodiumsalt, pH. 7.5), and with 0.66 nm of
buf f er BE N BRELY \FRE P ERvR ReRdutal s RUTHEIRA. MPLEJacolHBnst art of t he

fol di ng aBHraikhesg 22130, NOWE ua i Alian il ghitfig main peak changed

from40.2 mnutes at the start to 36.3 mnutes after hours, consi stent
W th fol thQOlé@t@%%amm ein. W03/ 070764 PCT/ EP03/017-1S 26 After 22

hours the foldin ] xt centrifuged at 13000 rpmfor 1 mn. No pellet
was observed and%tﬂleés%%cg%%%cﬁe \A‘/jafg YEEATTEF SF &6 S?ﬁéﬁl 'P%ESfaurm

-(Phar méci &pllowad riov | Bolgdyien Kn ARl wlaitinlg WehltRBSnpErferanThe
purification was ponitored by W at 280 nm and the nobst concentrated

fracti on RASEELRAYF oPPENaPRRI SR o JHsRdAn &t ¥ ©pn Peepeshesmedat i on
was neasungde 8bud- O9med O3 D/ iHe %ﬂthﬁﬁgﬁgjggﬂt §isN R3S

(Cytoskeleton Inc.). A preparation that ina si mﬁllgélr' way was
purified 10 by RPMPEClon Euldl 8l ergd thmpmyickitnh e snwiym thedk cwdd vi £okatdd and

| yophiliz MALD) - 1.S_S l.e showed .t hat a_pept.ide w th
expect ed ?rggs was %%%s%%%ﬁ%%%ﬁoméﬁﬂ‘% elé}\q{e rgﬁerfolneé’rp ?lrneéisdﬁigotqﬁént et
al . (1997} basprnegatlyedevaldpady nghd hate Wy helihedi swef ibde dberds thad
f.ormed. The I}Qurita/ (? 95% anal ytical HPLC. 8. Test of inhibition of
€V} opat hi t°H £ aEg %%Vf tRIIET ol DY o 93ltler retdreallfNass shepared in

par agr aphigoy\ggeaigﬂ;aé@glﬁié}grgn%c;%gm.hi c effect inhibition assay of
Rubinstein et al. (1981). In this antiviral assay one unit/m of interferon
is the quantity neeebsar ywralgrrathcmtpdiytengactfi chef iegentf.ocb0%han

vesi cul ar 0 r VQV). 25 with bavine cells.. The nost
concentratt:%\%l ra‘%:%#%ﬂg%f&?%tgeelf elrsonqnallﬁﬁfz%\éﬁrpgpg?gﬁai'nIﬁar‘"ﬁg?aph 7 was

di | ut 28 byagtkcdDdxr hy t e e ceraststBiddt: bavithe VEBKneelhs thQ+18hal
interferon-ﬁlpjjga was added to 0.15 m of cells at 5 x 10" cells /m) in a
96-wel | prALETEAFTR{URTRE O i 1t &1 bR HFER 3d PP 85dRchked Themethsthird of

t he concegtoahi R IFNiimpﬂdQ£¥ffﬁﬂuh%?héﬂy% RFRMIaA B a0l lhndAklREe2dnhours
the cells were challenged with VSV. 24 hours after challenge’the cells were

exani ned by mi cr oSEopRE fitbadienaidt [oF Fhvhiietyesggmaf thewbudd+dz0g0h _
PCT/ EPO3/ Dlispe o el I 5n s Wy 'a’s.f‘sderéﬁ?fec# ﬂgﬁg&@tﬁ%ﬁ gﬁaﬁﬁggg%ﬁ%t ration of one

unit of interferon/m.” The activity o ero measured by this
test s Evdaenitedompbiesihd TRN-GDpHE) 984165y, hakXANMPREr2dhceBr eparation

O i o (£5 k8 phezblatk] SR S, WS RRLPLLBLIE A28 deseried T

p thicester of IFN-alpha{1-97), bearing a protected Cys at the
{i) . N-terminal.
_. In another embodiment of the invention the full-
N 25 length interferon is assembled by two ligations of three
peptide fragments comprising IFN-alpha{l-28), IFN-alpha (29—
97) and IFN-alpha(98-165). In this embodiment the fragments
comprising IFN-alpha(98-165) and IFN-alpha(29-97) are first
ligated and purified to form IFN-alpha (29-165), then a second
30 ligation is made between IFN-alpha(1-28) and IFN-alpha(29-
165} to form IFN-alpha(l1-165). Alternatively, the three
fragments are IFN-alpha(1-97), IFN-alpha(9%8-137) and IFN-
alpha (138-165).



2. Preparation of interferon-al pha2b(29-97)Cvs29Thz et hyl -3

nmer caot opr opi onate thi oester Interferon-al pha2b(29-97)Cys29Thz et hyl -3
mer capt opr opi onate thi oester conprises the am no acids 29-97 15 of human
i nterfer oWBIHEDH wherein the terminal carboxyl group at ROKERBEHS7 *has
been converted to an ethyl -3nmercaptopropionate thioester and the cysteine
residue at position 29 has been incorpojgted as the
(1.)-thiazolidine-4carboxylic acid (Thzg residue. The C-term nal am no

B e hon o s zROUPERd thRrTeRHbEIUL D bX! Vhe AN LERLNL NEDEOCREM bY

t he met hod of Backes and Ell nman escribed for the synthesis of

i nt erferod<calgtha2bterderOps 16Aerpenbhyl- Bpetbagt opt gpt bmas eof hf@est er i n
Exanpl e I. Thi.s, resin was used as the rting resin for_the solid-phase
Synt hesi s PSR 4 055 PEaAPE 0P GOTPRIBT APy BGEOPLR hiiat PbagER s heTe 43 same
as for the7gyntresagpbh (i98t-aB7er aRdatphazbpha 76866 ACT)

et hyl 3- mer capt opropi gnate thi oester except that the synthesis was finished
at Cys29Thz by codpl ifg 3t RESfragrdr esbademgat ppE ThRe Gpvention that

s el R e 1 s TR g Ay D
inteyferpﬁOdﬁ@haﬁbsgép@pﬁédEsBsﬁhhee&hyKSBaﬁrcaDtopsop&nnﬂtel@fﬂpester The
PPy oest er FRGE e aa, Shorr Sct PELYBEPRLao S AGERES Bt homy SFNPRGGR U0 ot al

(1999). Thusc a&plsanedri ed, 100mL round bottom fl ask was charged wi th argon

and Boc-protected peptide resin (0.50 g) and anhydrous tetrahydrofuran
(THF, 12 M) were d8dedefarrer epoppimentaepfytbel jyuverbhenhbhe growp, 2M

sojutlon kBchexangshouns theafded Andaine,m skukovasaptished at anblent ()

tenperature for ours. resin was separa ation and washed
with THF 29dyDeEptiBebseqgernity theseéscheWasrphatkhd aoetomfdohetloghd bott om

flask and the.fl ask _was.charged.w ar go anhydrous, 7 :

oty - 3 PN GRPSRY obhee e ra Fo ) AaRy 28 ou b by LERPERY  nsbarenbEeSodi um
salt (65 wy ithel thlazohydines 4DVEYHWRYEa8ddedsbyusy (TRYE. and the mixture
was gently stirred under argon for 20 hours. The volatiles were renoved
under 1Ri gh vacuumtiindst RePrefpgrednasbeamenl @aft khe invention that

TFA-trii s@pLOopYhSLARE wAat ghaph i L odj om tenperature
for 3 hoursé @%@ﬁ?egin was fgnnsggggégf?p??g?gg%éa %ggﬁgﬁg% ution was added
to cold nethyl t-Botphothker prefpreedpemnbbdinbetpept the. idhennhidn ethe

e o RaATS BBt oy Y BERLLLLUORN,OFy VBSDER LUCEE L) PR IALER
acet oni t r ane- watielt zadd blyy qahi bizedivIhyStEeudR1 IRt @epabry@seRuUrified by
P epan g | Y G E fron in' 3% adqueots buZtar’ZsTutYon With & concentistion
of a guanidinium salt sufficient to dissolve the interferon
polypeptide; (b} diluting the said aqueocus buffer solution i )
with another solution containing a redox couple so that the N
fiﬁal concentration of the guanidinium salt is 1.5M ox less
25 and the final pH is in the range 5 to 8; and (e¢) incubating
said aqueous buffer solution at a temperature of 20-25°C.
It is a preferred embodiment of the invention that
the redox couple is selected from the group of oxidized and
reduced glutathione, cysteine and cystine, and oxidized and
30 reduced cysteamine.

It is a further preferred embodiment of the invention

that the refolded and oxidized interferon protein is isolated



containing the target polypeptide were conbined and |yophilized to afford
13.9 ng. The purity measured by 30 anal ytical RP-HPLC was 82% WO

03/ 070766“/8(6}/0%79‘3/ 017~5 29 4. Prepar ation of PCT/EP03/01745
i nt erferon-al pha2b(1-28) Cysl Thz et hyl - 3ner capt opr opi onat e t hi oester

I nt erferon-al pha(1-28)Cysl Thz et hyl -3-ner capt opr opi onat e t hi oester
conprises the first 28 amino acids of Z%unan interferon-al pha2b wherein
the term nal carboxyl group at position 28 has been converted to an

et hyl - 3ne? g dpi op?Dptadhay cathi ve 1t eiThdyCregexisealbhasen8Pa€i dndSer, was
coupled to_4- ﬂ%l tyryl AMresin (Novabi ochem) by the method of Backes
and El | m%y?ﬁggyj %&I Frmoc- Ser (tBu) 10 OH (9.17 g) and

.et hyl di i sopropyl erfiy| fnvaet{ &S 7Fuddhavicrsad@ad tie® a oS usperSieednof

4-sul fanyl butyryl AMresin, (1.95 g, initial loading 1.12 mml/g) .in

chl or of orﬁ??fé%eﬁﬁdem%bwwf e GO e THeEP PYBeASE57678f was added
-and StBrrbagy%f)@ﬁtﬁ@é‘élé&ﬁﬂrﬁéiﬁg?%é Wesd.dOUrsg, The resi Bgwasy1s filtered
and washed wth chloroform Unreacted sul fonam de groups were capped with a

sol uti on &$8di6%.bltHT . dP8at Dok el aporard michyndl itoopheppsaniie (2.4
m) in di ] 4 f.t apping..t resin was
Wa)shed Wi ﬁ£§%8g?%£?g§%%%%%éa%§o@fj{%sr gtéﬁléa‘%'rsteegn Oﬁ I%\%aesggro it}gd under

hi gh vacugsoughéot oalde ngrofuthen Sef (irbier imaonvedsiied as 0. 46 mol /g using
t he net hod described in the Novabi ochem 2000 Cat al ogue fqr Solid Phase

Pepti de Synthesi sTRPalgEePANt THREER e Widsh fsed ot 14t ¥sErRgePedPn for

the sobi denbas@arkp1 8YNEREE! BoDToR SRl dbel iAo V%E}Pti‘?ﬁ‘éln%e@méor eagent s
were the sane as for the synthesis of interferon-al pha(98-165) with the

g(} | owi ngléméepthensnveneRan Sk 2Bywetay coupl ed as the c-pseudoproline .
r'peptides. The residues Argl2, Argl3, Thrl4, LeulS, Mtl6, 30 Leul 7,
Leul 8, Alal9, Arg22 and Arg23 were all doubl e-coupl ed. Cys29 was

i ncor por aEBBMBSEB( L) -t hi azol i di ne-4-carboxylic acid (Thz). The synthesis

was finis S z oupling the WD 03/07076a PCT/EP03/017d5 30
final res%ﬂ%%a%@h@g PHhe resin was washed and dried under hi gh
vacuumg wg_ei_ghpegtgsaegsxﬁthg}jggvaoe of int erfe_ron- al oha2b( 1-28) Cvsl Thz
ethyl -3 5 nercapt ogropl onate thioester The thioester of

i nterferon-al pha2bti-pepripeapered apvwblehdy Henlid Shvae Heprhidte resin
usi ng the .of . 1.n i t I - a -drJ 50 m round
g 5 {:HQQ:LQ biNg wa'@ﬁg mé{hocﬁ Qﬁ*@gc S%) . %}dﬁ:ggepsﬁgdgg'f

bottom fl ask was char ge argon an oC- prot'ect resin
(0.18 g) aendtanhyddoby tetApbitedfBicsy{thds 433 rdyniiersd zadde®ocAfter 10

m 0t menpyl sl ¥l di gzonethane, (7, 50,2 S9N ) eanes, es added
20 amino acids were purchased from Novabiochem {Switzerland).
The following side chain protecting groups were used:
Cys with StBu, Acm or Trt; His, Gln and Asn with Trt; Arg
with Pmc; Ser, Thr and Tyr with tBu; Glu and Asp with OtBu;
and Lys and Trp with Boc.
25 Coupling was carried out with 1 mmol DIC-HOBt and 1
mmol Fmoc amino acid per coupling in dimethylformamide (DMF)
- N-Methylpyrrolidine {NMP) and Fmoc deprotection was by 20%
piperidine in DMF.
Capping of unreacted amine groups after each coupling

30 step was carried out by acetic anhydride-ethyldiisopropyl-

amine in N,N-dimethylformamide (DMF).



at anbient tenperature for 2 hours. The resin was separated by filtration
and washed with THF and DCM Subsequently the 15 resin was placed in a 50
m round bottom flask and the flask was charged with argon. DVMF (anhydrous,.
7 M), et WOOBH®@iIFapt opropionate (2 nm) and a sol ution of PRTEBHREHGHS sodi um
salt (65 mg in 1 mM anhydrous DMF) were added by syringe and the m xture
was gently stirred under argon for 20 heyrs. The 20 volatiles were renoved
under hi gh vacuum and the residue was stirred with

TFA- phenol -triiso ' PRS- AR i_odi I t e ure for
3 hours. . The reﬁ%@&@%@%&ﬁgﬁl |Itr::ﬁllll@or'?%:;%rclagl%tt%‘g1 § Itﬁtﬁe%ggmgggadded
to cold netésgdn twdritwd sletdheri ttMIBE) aral fsepirpphainod 2hd ke ipeptinder The
white pre‘c‘imgitate was pelleted by centrifugation, washed three tinmes with
col d MIBE ahd'the resul ti ng white precipitate was dissolved in 50-50
acetonitrile-water and |yophilized. This crude material was purified by

RP- HPLC on_a ngac_ C8 colum eluting with a 30 |inear gradient of
acetonitrife-&e 10® 1o TFA, controlled by a Waters sem -prep
HPLC system The pujfd i Va5 HBRi;tQr e . 21 : 0 707G
. PCT/ EPO3/017.h 31 Fr a%taélil'oa{r)frs?a were ana S%ie%‘%é%ﬁ%ﬁpéséafg?etpﬁ&?gs Wa@:
cont ai ni ngcatieiedrget ol yaoeptdeteheere HPMThI Pee pand tli ywep MHLICz @@ st doakf or d

17.0 ng of _the desi roduct of it 1% by .anal ytical, HPLC, . 5 6.
Prepar at i o 9t% iEht(g{ %‘F‘%hc df (%Olé%f%yg'ﬁbﬂ@ THe PR §G16n St-&5et i on
proceeded x9dtpldue r eacti®mniofnid REATt @YU ar 13MRWH $1efdilkhe of

i nterferon-al pha_2b(.299£3%/0529‘l'_hz et hyl - 3- mer capt opr opi onat e t hi oester and
10 i nt¥ f -2 Paky 98- B HHrifilinandaseddcapsia B2 9agrroPsigThz

ethyl - Smercapt ORHOM QAL E ddYheUdiirotd a -
i nterferonal pha2b(9 -165(56, (%33.’7%%,trm1er éa%dl s Sl 3{% S8 Separ F&PsOT LI ons o‘f-'-)
6M guani diswsiremch|re dm;ri0fildd tsiedi wasphespitatredply? UY @& @0 4mm.per

peptide). The two sol utions were mxed, 15 thiophenal, 24 ,_and benzyl
nercaptan, 24 w, %%’aod'tfed"earr‘?d aﬂ?éyéﬁldu?’lyogi\%gg“ﬂ?cﬁ &goéte 37C. After
66 hours didrtnidie) tile (fagetl pdd yPeptateadded aomdiselutaEien in 3 m of 6M
guani dj ni um chl oride, 0.1M sodi um phosphate pH 7.5 and the ligation m xture

was i ncubat¥PHiorized g wifrad Fhrodles iard3 peptine -sdiuriesesmasvdi | ut ed
with 3 m @acgtionitdile.a ey hdi i lLeride, 0.1M sodi um
phosphate pH 7.5 and puri |F§ldgﬁb;%%%8%o%ag{gv& :}1:210 colum - (208TP510)
with a |inear gradiewt-wfepostione RH-#P0.Cl HaBFAainr iwat ent0 . obs tREAsame

controlle a Waters,. .sem,-prep HPLC system .25 .The purification wa

noni t or eddsn’gsyiiﬁiyl at™ 1%1:2}“@1]@?565%%&99\;@%%5&”& é&gb}%ﬁﬁtﬁh- 7S é{aact ﬁgse
cont ai ni ngdlhend afZfg Ppalypent isdemvglae-taIRi Badegnad olsyephiol)i zed3to afford
4.7 ng?eﬂ}pﬁl‘rdy . 970 by analytical HPLC. 30 7. Preparation of

i nt er fer on- (29-165) by conversion of Thz29 to Cvs The N-term nal Cys

of interferon-al pha2b(29165) Cys29Thz was regenerated by treatnment with

O et hyl :
3. Analysis of peptides

s

The purity of the peptides was analysed on a Vydac

c18 column (238TP54) eluting with a linear gradient of

25 acetinitrile-0.09% trifluoroacetic acid in water-0.1%
trifluorcacetic acid, controlled by a Waters Alliance HPLC
system. The analysis was monitored at 214nm. MALDI-MS was
performed on a Voyager™ Elite Biospectrometry™ Research
Station (PerSeptive Biosystems).

30
EXAMPLIE 1

Production_of human interferon-alpha?b on the basis of two

intexferon—alpha subunit polvpeptides




W03/ 07076-t PCT/ EPO3/ 01741 32 hydroxyl am ne hydrochl oride at pH 4.0.

I nt erferon-al pha2b(29 165) Cys29Thz (4. 6ngy) was di ssol ved in 6M guani di ni um
hydr ochl ayéd d8070843M O- et hyl hydr oxyl ami ne hydrochl ori de, BCIRPE®T4SC aci d
adj usted to pH 4.0 with sodium hydroxide. After 5 0.5 hours at 22-24C the
solution was incubated at 37C. The sol gtll on was desalted on a H -Trap"'
colum (Pharmacia), controlled by a KT FPLC, eluting with 6M guani di ni um

chl oride 0. 1l\ﬂ sodi i;m E,hosphat e pH 7.0. The purification was nonitored by W
at 280nm+and ; peak (1.8 m) was concentrated to 0.4 nm in a

Centricon cartri dge-d:Midd RY &hifPIFeHAR  Walghh UteefbrdR-XkDaha2dhis
solution-was used imediately in the ligation with

-i nt er f er ofeal pedbrad Zyyeyd Iy Yetdp e thody ahggeaph tap. integfeppeparati on
of interf ; al phazp( 15 j i.0 i;0Rn _pr. d Lth the
reaction %ng?n%g% equi mlﬁ(}a]g@aer%-qt}ﬁésé g'f%trltehg”{e ?%% e? n-sg)ﬁgﬁagg? 97) Cys29Thz
- et hyl - 3nerepipt opropr dnad s { oe strgrrcathh itetkenf emomhdlspBaanb08- 465) the

I nterferon-al pha2b(1:28) Cysl Thz, 2Q .0 8nyg, s di ssol.ved_in 6M guani di ni um
chi or i de. SRR o Gin PHOSHHAS A B 06 ) il A488anT o t he

concent r af @l £0é Hbih -0 M 2 | Pt S d @ ORrh AN AH 2T [B2) 19bbatibadrErem bhe

H Trap (estinmated to be 4.0 ng). Thiophenol, 10 ul, and benzyl nercaptan,

10 ~1, wekke afabl, lengtly drymanninger fdsesy dphindriotedBatad 40rRed: After 36

hours dithi ot hrei (DT, Was .S.0] Ut hD
guani di ni um chl orr%}gtclla?' ([)%l ll?\ﬁlbgpd%pu%dp%osp at %qﬁﬁs?%%?’og%@?) haggw%)ﬁe
| i gat 16n hmimxdnr Enast ¢ nendbat gk ata S EGntAfd=irzell mshiowgr Fooet-BPPBydrbzyl am ne

hydrochl orjde(8,7 was_agdded as a 3Q soli the |iqgation mxture_was
) ures PR s TRt e RS St AR i RSBt PRE. 08 SRS

= et hy| hydsexylaph Aed hysi 9 fmsd-dsp IManeting ae dnrdipsskedtto pH 4.0 .
w t h sodi um hydroxi de, acetonitrile (0.2 m) and trifluoroacetic WO
03/ 0707G PeaPEPD3/ D1y sy SBehrs drgsidus ahdhnhdbaosd o3 PE. After a
further 3; - i : i fi Y/ - C.and fractians

cont ai ni nJg tﬁjréf%%é&?r%gﬁ%%p‘?ﬁm]&e%p%oﬁdﬂagn% ?/ﬂcﬂp?hi i ZS%C?%EDQ ford 0.89
ng of 1beducedthat et eform atiphalblll-1BH)th IRMepurinthe dijeronamdbheai,cal HPLC.
9. Folding of interferon- ha2b_The nthetic interfer.on-alpha2b was

2 1 oved (BRPSR PR R bPRen L Or g K 5 Tt WS A Fer GHA B e s 10

i nterferofacel phagbr(8t88e NBYd Walse i HiISOFey edh 4l 3. Horkfs Rkl esohatedlM
Tris, 6M GdnCl, 1nM EDTA sodiumsalt, pH 8.0) that had been sparged with
argon. This solution was diluted with 61 w each of solutions of oxidized

gl utat hi ope apdegh 4 edygeds ol it bk Ons, - A9lg4-iggscontaining O G ny of
15 glutathionein 0 uffer : rn's, DTA sodi um
20 Interferon-alpha (98-165) comprises a 68 amino acid

section of human interferon-alpha from position 98 to

position 165 in the amino acid sequence of interferon-alpha

holoprotein. Interferon-alpha (98-165) was prepared by solid-
phése peptide synthesis (SPPS) on Fmoc-Glu(OtBu)-Novasyn® TGA

25 resin, initial loading 0.13mmol/g, on a scale of 0.08 mmol.

Peptide was cleaved from the resin (0.67g of peptide-

resin, one half of the synthesis) with a mixture of TFA-
triisopropylsilane-water-phenol-ammonium iodide (21 ml, 3 ml,
1.25 m}, 1.25 g, 0.40 ¢g) for 3 hours. The resin was removed

30 by filtration and the peptide was precipitated by addition of
the cleavage solution to cold methyl t-butyl ether (3 tubes
of 35 ml}.



salt, pH8.0), and with 1.5 m of buffer B. The solution was m xed and
allowed to stand at roomtenperature (22C). After 16 hours the folded
protein was purified by RP-HPLC on a VWydac C18 col umm (238TP54), sanples
wer e pool W® &Md0786 | yophilized to afford native | FN-al pha®i$T/ GQQHB* 1000
purity by analytical HPLC. An NEMtest for free Cys confirnmed that none was
present. While the invention has been dgscribed in detail and 25 with
reference to specific enbodi nents thereo it will be apparent to one

skilled in the ar h C 988 f e de
therein w thout ng%r?Ee%ap%g%?thgg ? %Dggo%%g%%ere%%€ﬂ§g erences
Backes andraEhicdanhrde @igesChemh £636, m6ﬂhy23€2b289D eBhiek €2 ﬁJBO i Og.

Chem 65, 38 000) nne et .al.,..J. An Chem Soc. 118, 5
(1996) . aﬂﬂzolo§/ ggo% f%&%@ﬂE?’%ﬁFOﬁfPr@ﬁH]n@ Epibe Po‘ﬁde’Arﬁ’hJéﬁém Soc.
121, 8720 wals999ophhiiRRINGFIBE a8btak: acdd- ﬁ?@ékdeTﬁﬁ'cr@dezﬁétégﬂﬁp)

Damson et al., Science 1994, 266, 776-779. Fields and Noble, Int. )
Pepti d& PMetSeibwREGed B sesdi-Brepege)ive BBHBECa| Aftgr Am Chem SOC.,

122, 8337 4f n r A L. ,

(To07) . +acieong e e o A Bioro-2pnath (20 088 88 o7bioati by
Hochul i, @m,m?ﬁ/19&&;t@0by4@&a4¥21bhargeLScaIe Recovery of 10 Interferon

al pha- 2a Synt hesi zed in Bacteria”. Ingenito et al., J. Am Chem Soc., |21,
11369 (1999). Kawakam et al., Og. Lett. 3: 1403 (200l). Kent, An. Rev.

Bi ochem, 357: K% &b%&%h.oﬁoﬁh%agﬁ%&BﬁLaﬁ Ha@b B-olrh 8N nc
Chem Biol. 3
(199810 Lu et 4 Low et al. , Proc. Natl. Acad.

(1907) - 20 War gﬁﬁetl %%jr)d”l"é‘lggﬁél%ﬁ ys}vﬁgg?dﬁggiygo o5 Rkt t1era, ()
J. Am ChemorSematsh +1atiQ<dl bémbta6ap. thevabiechom aﬁﬁ)ﬁoCatadigguﬁ for

Sol i d Phase Peptide Synthesi.s ge P4 "Method 6P: Esti on of |evel of
first resi T tfaEh n_aéghﬁgg'ﬁgFQin ét SER. IDJNOV'}gaW£e§91n7%%e(I981)

Shin et alterminaAMca@PRRY1SeGoupldt %%@%ﬂoﬁ'ggghassbééﬂebbﬂv§£t@& toJ.
Biol. Chem, 256, 9750 (f anlep Proc. Natl. Acad. Sci USA, 92,

124851f48® (@%rB*mcmg@rrO@w@Jate rthétoegtepepﬁ?h@ecﬁt@p@mahe%mmq ;

295 (1975 ded t I e 1887} ber et al., J.
Am Chen1égb %&% 53%? (%%?%f% §Dcpagkl§§ag}gﬂ%%ggi 8@ FS¥§001, 8,
673-679. (Novablochemj by the method of Backes and Ellman (1999).

Thus, Fmoc—-Ala-OH (6.0 g) and ethyldiisopropylethylamine (6.2

ml) were added to a suspension of 4-sulfamylbutyryl AM resin

20 (3.28 g, initial loading 1.12 mmol/g) in chloroform (35 ml).
PyBOP® (1.56 g) and chloroform (5 ml) were added and stirring
was continued at -18°C for 1.5 hours. | £

The resin was filtered and washed with chloroform,

isépropanol and dried under high vacuum. Unreacted

25 sulfonamide groups were capped with a solution of di-t-butyl
dicarbonate (1.5 g) and ethyldiisopropylamine (2.4 ml) in
dichloromethane (DCM, 2 x 15 min). After each capping the
resin was washed with dichloromethane and after the second it
was dried under high vacuum.

30 The loading of Fmoc-Ala was measured as 0.38mmol/g
using the method described in the Novabiochem 2000 Catalogue
for Solid Phase Peptide Synthesis, page P4. This resin was



WO 03/07076.1 PCT/ EPO3/01745 35 CAIMS 1. A nethod of producing a
biologically active interferon protein, conprising one or nore cysteine
resi dues wahgotosgy or nore pol ypeptide subunits, which net pegeeenmrises the
steps 'of: 5 (a) synthesizing a first polypeptlde subunit of said interferon
protein having a Cys, or a ligation auxiliary, as the N-term nal residue by
sol i d- phase peptide synthesis and puri i ng said subunit; (b) synthesizing
at | east one additional polypeptide 10 subunit of said i nterferon protein
havi ng a pFedeas cthoystartigrotwaaiad fauxithicasplid-phasr synihagisand an

al phacarb tect at the Ctermnal by solid-phase peptide
syntheS|sgg%%gp§$|¢y?§%&§gld addi tional subunit(s); (c) ligating said first
.pol ypepti de subunﬁ’to’ammb]salaiud&:@cghnus)m@lresﬂth@msh(ne) aby fpat ke chem cal

l'igation t roduce full-le i . f e renoving said
protecti vﬁy %?Jysf‘? n’r%‘é‘?lﬂ%‘?’ffgb Jé?r}l?s?bp(g% g’ @2’ )Q-ESX%Bﬁ}Panghe
.cystei pe egeéguesns N $bes£0rpody Rapt lﬂeezaln%eflqlsdma&es@bqpuatieééetﬁa

pol ypeptide into its native conformation; and (f) isolating the refolded,

bi ol ogi caPf§uderrobingt dipertoriey othalf of. thee nestihodaas remaveddEramc ai m
e her ol pngak 0a 2: B O QOLER L BONE dEANEE B LABEL NS sel ect ed from

the group conS|st|n an alp a interfer téin, a betainterferon
protein, amnlthegasnmas nd:emﬁmwasd pErat dilre ﬂna‘ﬂhe:em&tcﬂm@dwas cbapied an claim

2, mherei sa| Io |c ctive al pha-i terferon protein is sel ected

from 30 t FESSr0uR LBoRE: chnad- S aiedtd G mmros R dsRor saR FheoPPer on

al phaigb Qi@uplﬂs daser{vE@nasdRha-Be i@ Nias wd@@e@3%@3@&§ﬂe@6

PCT/ EPO3/017~s synferon, interferon alpha-nl protein, interferon al pha-n2

@ot ein, BRASFnhigheVemuaRphee @ hrot®l M- 4. The nethod as claimed in any
e of the claims 13, wherein said first polypeptide subunit conprises

resi dues 5 98-165 of |nterferon al pha. 5 The met hod as clalned |n any one
of the clainsc dava . b

t he clalns 11555 i v 5rrat  pol ypepti de subunits conprise
resi dugs 29-97 anﬂhéeﬁhﬂ@@§tér%fﬁnﬁé&ﬁﬁ&fm@i&fmm 97), prepared

above, was then cleaved from the resin using the method of
Ingenito et al. (1999). Thus a flame-dried, 100 ml round
bottom flask was charged with argon and Boc-protected peptide
resin (0.37 g) and anhydrous tetrahydrofuran (THF, 10 ml)
20 were added. After 10 min. trimethylsilydiazomethane (10 ml,
2M solution in hexanes) was added and the mixture was stirred
c at ambient temperature for 2 hours. The resin was separated
- . by filtration and washed with THF and DCM. Subsequently the
reéin was placed in a 50 ml round bottom flask. Subsequently
25 the resin was placed in a 50 ml round bottom flask and the
flask was charged with argon. DMF (anhydrous, 7 ml), ethyl-3-
mercaptopropionate (2 ml) and a solution of thiophenol sodium
salt (66 mg in 1 ml anhydrous DMF)} were added by syringe and
the mixture was gently stirred under argon for 20 hours.
30 The volatiles were removed under high vacuum and the
residue was stirred with TFA-triisopropylsilane-water-phenol-
ammonium iodide (10.5 ml, 1.5 ml, 0.6 ml, 0.6 g, 0.25 g) at

room temperature for 3 hours. The resin was removed by



7. The nethod as clainmed in any one of the clains 13, wherein said first
pol ypepti de subunit conprises residues 138-165 of interferon-al pha and sai.d
addi ti onal pol ypeptide 15 subunits conprise residues 1-97 and residues

98- 137 of Wini3é7¢7%+ on- al pha. 8. The nethod as cl ai ned i n arRCTEERIIGIT46he"
clainms 13, wherein said first pol ypeptide subunit conprises residues
138-165 of interferon-al pha and said adghtlonal pol ypeptide 20 subunits
conpri se residues 1-28, reS|dues 29-97 and resi dues 98-137 of

interfero e, ained.in.a of t.he cl ne 8,
wher ein sgggkggig?g EH ept| §ggggﬁn|Wana%%?gf€%dco %h%%fﬁﬁ% f

chr omat ogreapley: t(HtE‘Bll)quEFheZEvhlﬁe Elﬁecmpih@ﬂeaﬁaﬁpémm&l syaim9, wherein
said colum chr natograph techni que is reverse phase colum

chronatogF&ﬁﬁﬁl pgat PREGIasHErSi heBeP nWhRY BHEE o?nd nehel ai ns 110,
wher ei n 5%J'r@cﬁ@‘i*tb't@n%btﬁghléaeﬁhbdaléHQH!G&&(§91 %55§0ac9élfélfli€fllﬂ§l ng a

col um chromat ography techni que. . The nethod as clainmed in claim 11,
wher ei ® s&ﬁ@eéoﬁﬂﬁn1&ﬁpbﬁdﬂ@gﬂapﬁylﬁe9hndqueatsrxebewse e &1 ed|ym

h [ EPO3/
Clai mod | B ahy T85E el MR e 4l RERELISn e RaF el RO HELREoRY dB T MM Resi zed

by solid- mMQse peptadalagnthestargéé pdhgpepthod wsrel ebmiptnéd Lhdi m 13,
wherein t piﬁ es are synthesized by Fnoc solid-phase peptide
synt hesi s. yf? thod as claimed in any one of clains 1-14, wherein the

group protecting wen@s%s%rguxﬁbéuoag &J@fe'\& - @fb%hﬁ;édyaﬁ onal

subunit(s) is selected form group conS|s ng of ace anldonet
(Acn)10neﬂﬁ¢h§dlféﬁ&ﬁéﬁﬁyboxﬁdahbéhyﬂ Eibcyystbhambl ¢thne-3Thz),

hyl b Lyl | butyl t hi P
e e B oy enerl, BRLIL () ool (B b St eB 0 ()

claims 115ndSytiheideBRLChe2f. 8l signg of said interferon pol ypeptide into its
native conformation to forma biologically active interferon protein is
done by (a) dissolving the said pol ypeptide in an aqueous buffer solution

conpri sing. 6%&@ Bi-di BolMogalihi e OrdM202PHRSPHAE G PUA bR . 1M EDTA sodi um
salt; and (b) utlng the sai d aquéeous buffer solution wth another
il

sol ut ilén contalnlﬁéeo igrzégnandacédonedrgtecdedi eheh stch réaetide ¢f nal
concentra ni.dinLum sal t he al .concentration of
533@ % b} &ﬁgg gPugg %% Eh?ra?te%%e¥o%Iﬁ£§h .

phosphate 1s 0. concen ron o mVv the final
concentraBﬁOﬂyeﬂ(ammM|eedygkematbhpneprSPﬂoﬁaﬁbaﬂﬂlééﬁtérnﬁhdconcentration
he nmethod as_ claiped in a one of the
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col um ch@mguegma@wp@agrbwahhttezahh@astéﬁ Ahes npg hogh@si el & F@cbh-n any
one of the _clains 117, wherein the peptide thloesters are synthesi zed by

EYnoc 28heABhAy 98n1&5) esiln dwingh Wexesdipanyvedt iR ysepariies . Solutions
of 6M guanidinium chloride, 0.1M sodium phosphate pH 7.5

(0.12 ml per peptide). The two solutions were combined and é )
thiophenol, 2.4 pl, was added and the solution was agitated
genhtly. Further thiophenol was added after 16 hours (2.4 pl)

25 and 24 hours (4.8 ul). After 42 hours dithiothreitol (DTT,
120mg) was added. After 44 hours the solution was diluted
with 3 ml of 1:2 acetonitrile:6M guanidinium chloride and
purified by semi-preparative RP-HPILC.

Fractions were analyzed by MALDI-MS and those

30 containing the target polypeptide were combined and

lyophilized to afford interferon-alpha2b-Cysl(Acm), 1.07 mg.
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pr ocedur ewysdzngotsa) di azonet hane or (trinethyl silyl)di azometihensotas 5
activate the linker; and (b) the sodiumsalt of thiophenol to displace the
pol ypeptide fromthe linker. 20. Interferon polypeptide subunit selected
fromthe group consisting of polypepti des conprising the residues 110 28,
29-97, 98-137, 138 I65 1- 97 98 165 of |nterferon al pha 21. Use of
consecuti e pErgBaEatds erertalplazinhndepratecidan ng of
pol ypepti des a9 the re5|dues 1 28 29-97, 98- I37 138- 16S 1-97,
98- 165 for the@&—(@%%c‘t)‘l on of interferon-alpha.
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8. Test of inhibition of cytopathic affect by interferon—

alpha?2b

20 Interferon-alphaZb prepared in paragraph 7 was
titrated using the cytopathic effect inhibition assay of
Rubinstein et al. (1981). In this antiwviral assay one unit/mi g'}
of interferon is the quantity necessary to produce a x
cytopathic effect of 50% on vesicular stomatitis virus (VSV)

25 with bovine MDBK cells. The most concentrated fraction of
interferon-alpha2b prepared in paragraph 7 was diluted by 1 x
10* with DMEM and added to bovine MDBK cells (0.18 ml
interferon-alpha was added to 0.15 ml of cells at 5 x 10!
cells /ml) in a 96-well plate. Aliquots of interferon added

30 to each well were a third of the concentration of the
interferon in the previous well. After 24 hours the cells
were challenged with VSV. 24 hours after challenge the cells

were examined by microscope and the well in which 50% of
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mg.
5
EXAMPLE 2
1. Preparation of interferon-alpha2b(98~165)
This synthesis was performed as described in Example
1.
10
éj 2. Preparation of interferon-alpha2b(29-97)Cys29Thz ethyl-3-

mercaptopropionate thiocester
Interferon-alpha2b(29-97)Cys29Thz ethyl-3-

mercaptopropionate thioester comprises the amino acids 29-97

15 of human interferon-alpha2b wherein the terminal carboxyl
group at position 97 has been converted to an ethyl-3-
mercaptopropionate thioester and the cysteine residue at
position 29 has been incorporated as the (L)}-thiazolidine-4-
carboxylic acid (Thz) residue. The C-terminal amino acid,

20 Ala, was coupled to 4-sulfamylbutyryl AM resin (Novabiochem)
by the method of Backes and Ellman ({1999) as described for
the synthesis of interferon-alpha2b(1-97)Cysl{(Acm) ethyl-3-

Q:D . mercaptopropionate thioéster in Example 1. This resin was
uséd as the starting resin for the solid-phase synthesis on a

25 scale of 0.1 mmol. Protocols and reagents were the same as
for the synthesis of interferon-alpha2b(1-97)Cysl(Acm) ethyl-
3-mercaptopropionate thioester except that the synthesis was
finished at Cys29Thz by coupling the final residue as Boc-
Thz-OH (Boc-L-thiazolidine-4-carboxylic acid). The resin was

30 washed and dried under high vacuum, 1.07 g.
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The peptide interferon-alpha2b (29-97)Cys29Thz ethyl-
3-mercaptopropionate thioester was cleaved from the resin
using the method of Ingenito et al. (1999). Thus, a flame-
dried, 100ml round bottom flask was charged with argon and
Boc-protected peptide resin (0.50 g) and anhydrous
tetrahydrofuran (THF, 7 ml) were added. After 10 min
trimethylsilydiazomethane (7 ml, 2M solution in hexanes) was
added and the mixture was stirred at ambient temperature for
2 hours. The resin was separated by filtration and washed {
with THF and DCM. Subsequently the resin was placed in a 50
ml round bottom flask and the flask was charged with argon.
DMF {anhydrous, 7 ml}, ethyl-3-mercaptopropicnate (2 ml) and
a solution of thiophenol sodium salt (65 mg in 1 ml anhydrous
DMF) were added by syringe and the mixture was gently stirred
under argon for 20 hours.

The volatiles were removed under high vacuum and the
residue was treated with TFA-triisopropylsilane-water-phenol-
ammonium iodide at room temperature for 3 hours. The resin
was removed by filtration and the solution was added to cold
methyl t-butyl ether to precipitate the peptide. The white
precipitate was pelleted by centrifugation, washed three
tiﬁes with cold MTBE and the resulting white precipitate was
dissolved in 50-50 acetonitrile-water and lyophilized. This
crude material was purified by preparative RP-HPLC.

Fractions were analyzed by MALDI-MS and those
containing the target polypeptide were combined and
lyophilized to afford 13.9 mg. The purity measured by
analytical RP-HPLC was 82%. '
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human interferon-alpha2b wherein the terminal carboxyl group
at position 28 has been converted to an ethyl-3-
mercaptopropionate thioester. The C-terminal amino acid, Ser,
was coupled to 4-sulfamylbutyryl AM resin (Novabiochem) by
the method of Backes and Ellman (1999} . Thus, Fmoc-Ser (tBu)-

10 OH (4.17 g) and ethyldiisopropylethylamine (3.7 ml) were

. added to a suspension of 4-sulfamylbutyryl AM resin (1.95 g,

€) initial loading 1.12 mmol/g)} in chloroform (20 ml). The
mixture was cooled to -20°C, PyBOP® (5.67g) was added and
stirring was continued at -20°C for 3.5 hours. The resin was

15 filtered and washed with chloroform. Unreacted sulfonamide
groups were capped with a solution of di-t-butyl dicarbonate
{1.5 g) and ethyldiisopropylamine (2.4 ml) in dichloromethane
({DCM, 2 x 15 min). . |

After each capping the resin was washed with

20 dichloromethane and after the second it was dried under high

vacuum. The loading of Fmoc-Ser (tBu) was measured as 0.46

mmol/g using the method described in the Novabiochem 2000

.

pr:
woon

Catalogue for Solid Phase Peptide Synthesis, page P4. This
resin was used as the starting resin for the solid-phase
25 synthesis on a scale of 0.1 mmol.

Protocols and reagents were the same as for the
synthesis of interferon-alpha(98-165) with the following
exceptions. Ile24-Ser25 were coupled as the c-pseudoproline
dipeptides. The residues Argl2, Argl3, Thrl4, Leuld5, Metlé,

30 Leul7, Leul8, Alal9, Arg22 and Arg23 were all double-coupled.
Cys29 was incorporated as B{L)~thiazolidine~4-carboxylic acid

{(Thz). The synthesis was finished at CyslThz by coupling the
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mercaptopropionate thloester

The thioester of interferon-alphaZb(1l-28), prepared
above, was then cleaved from the resin using the method of
Ingenito et al. (1999). Thus a flame-dried, 50 ml round
bottom flask was charged with argon and Boc-protected peptide
resin (0.18 g) and anhydrous tetrahydrofuran (THF, 7.5 ml)
were added. After 10 min trimethylsilyldiazomethane (7.5 ml,
2M solution in hexanes) was added and the mixture was stirred
at ambient temperature for 2 hours. The resin was separated
by filtration and washed with THF and DCM. Subsequently the
resin was placed in a 50 ml round bottom flask and the flask
was charged with argon. DMF (anhydrous, 7 ml), ethyl-3-
mercaptopropionate (2 ml) and a solution of thiophenol sodium
salt (65 mg in 1 ml anhydrous DMF) were added by syringe and
the mixture was gently stirred under argon for 20 hours. The
volatiles were removed under high wvacuum and the residue was
stirred with TFA—phenolftriisopropylsilane—water~ammonium
iodide at room temperature for 3 hours.

The resin was removed by filtration and the solution
waé added to cold methyl t-butyl ether (MTBE) to precipitate
the peptide. The white precipitate was pelleted by
centrifugation, washed three times with cold MTBE and the
resulting white precipitate was dissolved in 50-50
acetonitrile~water and lyophilized. This crude material was
purified by RP-HPLC on a Vydac C8 column eluting with a
linear gradient of acetonitrile-0.1% TFA in water-0.1% TFA,
controlled by a Waters semi-prep HPLC system. The

purification was monitored by UV at 214 nm.

o,
e
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a near equi-melar amounts of the interferon-alpha2b(29-

97)Cys29Thz ethyl~3-mercaptopropionate thicester and

10 interferon-alpha?b({98-165). Interferon-alpha2b(29-97)Cys29Thz
ethyl-3mercaptopropionate thioester, 10.6 mg, and interferon-
alphazb(98-165), 13.7 mg, were dissolved in separate
solutions of 6M guanidinium chloride, 0.1M sodium phosphate
pH 7.5 (0.60 ml per peptide). The two solutions were mixed,

15 thiophenol, 24 pl, and benzyl mercaptan, 24 pl, were added
and the solution was incubated at 37°C.

After 66 hours dithiothreitol (DTT, 0.37 g) was added
as a solution in 3 ml of 6M guanidinium chloride, 0.1M sodium
phosphate pH 7.5 and the ligation mixture was incubated for a

20 further 2 hours at 37°C. The solution was diluted with 3 ml
acetonitrile and 2 ml 6M guanidinium chloride, 0.1M sodium

- phosphate pH 7.5 and purified by RP-HPLC on a Vydac C8 column
(208TP510) with a linear gradient of acetonitrile~0.1% TFA in
water-0.1% TFA, controlled by a Waters semi-prep HPLC system.

25 The pﬁrification was monitored by UV at 214 nm. Fractions
were analysed by MALDI-MS and those containing the target
polypeptide were combined and lyophilized to afford 4.7 mg,
purity 97% by analytical HPLC.

30 7. Preparation of interferon—alpha?b(29-165) by conversion

of Thz29 to Cys
The N-terminal Cys of interferon-alpha2b(29-

165)Cys29Thz was regenerated by treatment with O-methyl-
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165)Cys29Thz (4.6mg) was dissolved in 6M guanidinium

hydrochloride, 0.3M O-methylhydroxylamine hydrochloride, 0.1M
acetic acid adjusted to pH 4.0 with sodium hydroxide. After
0.5 hours at 22-24°C the solution was incubated at 37°C. The
solution was desalted on a Hi-Trap™ column (Pharmacia),
controlled by a KTa FPLC, eluting with 6M guanidinium
chloride 0.1M sodium phosphate pH 7.0.

The purification was monitored by UV at 280nm and the
first peak (1.8 ml) was concentrated to 0.4 ml in a Centricon
cartridge (Millipore, molecular weight cut-off 10 kDa). This
solution was used immediately in the ligation with

interferon-alpha2b(1-28)CysiThz (example 2, paragraph 8).

8. Preparation of interferon-alpha2b(i1-165)

The ligation reaction proceeded with the reaction of
near equimolar amounts of the interferon-alphaZ2b(29-
97)Cys29Thz ethyl-3mercaptopropionate thiocester and
interferon-alpha?b(928-165). Interferon-alpha2b{1-28)CyslThz,
0.8mg, was dissolved in 6M guanidinium chloride, 0.1M sodium
phosphate pH 7.0 (0.1 ml) and added to the concentrated
solution of interferon- alpha2b(29-165) obtained from the
HiTrap™ (estimated to be 4.0 mg). Thiophenol, 10 pl, and

benzyl mercaptan, 10 pl, were added, the solution was mixed
and incubated at 37°C. After 36 hours dithiothreitol (DTT,
15.7 g) was added as a solution in 6M guanidinium chloride,
0.1M sodium phosphate pH 7.0 (0.1 ml) and the ligation
mixture was incubated at 37°C. After 1.5 hour O~
methylhydroxylamine hydrochloride (8.7mg) was added as a
solid, the ligation mixture was diluted with 4 ml a solution
of 6M guanidinium hydrochloride, 0.3M O-methylhydroxylamine
hydrochloride, 0.1M acetic acid adjusted to pH 4.0 with

sodium hydroxide, acetonitrile (0.2 ml) and trifluoroacetic

by
i
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uced interferon-

9. Folding of interferon-alipha?b

The synthetic interferon-alphaZb was allowed to fold
into the biologically active interferon-alpha. Thus,
10 interferon-alpha2b (0.88 mg) was dissolved in 0.5 ml of
{f) buffer A (0.1M Tris, 6M GdmCl, 1nM EDTA sodium salt, pH 8.0)
that had been sparged with argon. This solution was diluted
with 61 pl each of solutions of oxidized glutathione and of
reduced glutahione, each solution containing 0.61 mg of
15 glutathione in 61 ul of buffer B (0.1M Tris, 1 mM EDTA sodium
salt, pH 8.0), and with 1.5 ml of buffer B. The solution was
mixed and allowed to stand at room temperature (22°C). After
16 hours the folded protein was purified by RP-HPLC on a
Vydac C18 column (238TP54), samples were pooled and
20 1lyophilized to afford native IFN-alphaZb, 0.15mg, 100% purity
by analytical HPLC. An NEM test for free Cys confirmed that

~é) none was present.

While the invention has been described in detail and

25 with reference to specific embodimenté thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.
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' 1. A method of producing a biologically active
interferon protein, comprising one or more cysteine residues
and two or more polypeptide subunits, which method comprises
the steps of: _
S (a) synthesiziné a first polypeptide subunit of said
interferon protein having a Cys, or a ligation auxiliary, as
the N-~terminal residue by solid-phase peptide synthesis and
purifying said subunit;
(j _ (b) synthesizing at least one additional polypeptide
' 10 subunit of said interferon protein having a protected Cys or
protected auxiliary at the N-terminal and an alpha-
carboxylate thioester at the C-terminal by solid-phase
peptide synthesis and purifying said additional subunit(s):
(c}) ligating said first polypeptide subunit and said
15 additional subunit (s} by native chemical ligation to produce
a full-length interferon polypeptide;
(d) removing said protective moiety from said
interferon polypeptide;
- {e) oxidizing the cysteine residues in the
20 polypeptide and folding said interferon polypeptide into its
é:) ) native conformation; and
| (f) isolating the refolded, biologically active
interferon protein.
2. The method as claimed in claim 1, wherein said
25 Dbiologically active interferon protein is selected from the
group consisting of an alpha-interferon protein, a beta-
interferon protein, and a gamma-interferon protein.
3. The method as claimed in claim 2, wherein said
biologically active alpha-interferon protein is selected from

30 the group consisting of interferon alpha-2a protein,

interferon alpha-2b protein, interferon alpha-2c protein,
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6. The method as claimed in any one of the claims 1-
10 4, wherein said additional polypeptide subunits comprise
residues 29-97 and residues 1-28 of interferon-alpha. fhw
7. The method as claimed in any one of the claims 1-
3, wherein said first polypeptide subunit comprises residues
138-165 of interferon-alpha and said additional polypeptide
15 subunits comprise residues 1-97 and residues 98-137 of
interferon—-alpha.
8. The method as claimed in any one of the claims 1-
3, wherein said first polypeptide subunit comprises residues
138-165 of interferon-alpha and said additional polypeptide
20 subunits comprise residues 1-28, residues 29-97 and residues
98-137 of interferon-alpha.

9. The method as claimed in any one of the claims 1- :

4"-1

8, wherein said first polypeptide subunit is purified using a
column chromatography technique.

25 10. The method as claimed in claim 9, wherein said
column chromatography technique is reverse phase column
chromatography.

11. The method as claimed in any one of the claims 1-
10, wherein said additional polypeptide subunit {(s) are

30 purified using a column chromatography technique.

12. The method as claimed in claim 11, wherein said
column chromatography technique is reverse phase column

chromatography.
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- methylbenzyl, methoxybenzyl, picolyl (Pic), benzyl(Bzl),
tert-butylthio (StBu) and t-butyl (tBu). '
16. The method as claimed in any one of the claims 1-
15 15, wherein the folding of said interferon polypeptide into
its native conformation to form a biologically active
interferon protein is done by
] (a) dissolving the said polypeptide in an agueous
buffer solution comprising 6M guanidinium salt, 0.1M
20 phosphate buffer, 1mM EDTA sodium salt; and
{(b) diluting the said aqueous buffer solution with
i another solution containing oxidized and reduced glutathione
2() such that the final concentration_of the guanidinium salt is
1.5M, the final concentration of phosphate is 0.1M, the final
25 concentration of EDTA is 1 mM, the final concentration of
oxidized glutathione is 0.5mM and the final concentration of

reduced glutatione is 1mM.
17. The method as claimed in any one of the claims 1-
16, wherein the interferon protein is isolated by reverse
30 phase column chromatography and lyophilization.
18. The method as claimed in any one of the claims 1-
17, wherein the peptide thiocesters are synthesized by Fmoc

chemistry on a resin with a 4-sulfamylbutyryl linker.
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19. The method as claimed in claim 18, wherein the

peptide thiocesters are cleaved from the resin in a two-step

procedure using

(a) diazomethane or (trimethylsilyl)diazomethane to
activate the linker; and

{b) the sodium salt of thiophenol to displace the
polypeptide from the linkerx. |

20. Interferon polypeptide subunit selected from the

group consisting of polypeptides comprising the residues 1-

28, 29-97, 98-137, 138-165, 1-97, 98-165 of interferon-alpha.

21. Use of consecutive polypeptide subunits selected
from the group consisting of polypeptides comprising the
residues 1-28, 25-97, 98-137, 138-165, 1-97, 98-165 for the

production of interferon-alpha.
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